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VnySlOKJGY OF THE COLON 


LAWKr,XCI-: M. LARSON, M.D. 
FclJcnv in Stiri;cry. ilic Mnyo Foundation 
ASD 

1. ARNOLD BARGEN, M.D. 

KOC/It.SrER, 


i Jte large itilct^tiite in incist animals, including man, is generally 
'cgardecl as possessing merely storage function similar to that of a catch 
f’asin so that defecation may take place at a convenient time. In other 
'Vorcis. it IS looked on as a fixed tube, or system of tubing, present 
mainly to transmit feces. Aletchnikoff’s claim that man at one time 
made use of liis large intestine as a reservoir, enabling him to pursue 
his prey or run away from enemies without undergoing risk of stopping 
to evacuate the bowels, no doubt contains much truth. However, 
belief that people can live without this portion of the intestine, an a 
of Lane,^ Waugh = and others regarding intestinal stasis aod other p 
sible evils for which the colon can be responsible, ave . 

organ into disrepute and probably have discourage , , 

physfolog,.. I, is true thot individuals can l.ve 
mtestine; that certainly is no proof of its uselessness. o{ 

hand, it is no doubt true that this organ is un ergoint, ^vJiich 

evolution better to suit changing needs and asiions, dictan- 

especially emphasizes itself in a consideration o rentun’. it 

standards. Under the conditions of living m the twen i - 

true that in certain instances the colon can he «mored and 
missed, yet that does not prove that it is of no 

econom3a. ,.^13^ be possible that the organ 

olness in the process of development of the 0 ). 
doubt that in lower animals its functions are ® ™ extent, 

attended with serious results. However, in mam ® ^ ^vitbout initiry, 

possibly, it has been proved that the colon can be remm 

^ — the Facult.'' el Gr.'‘'''".!.'ite 

Abridgment of a thesis submitted by Dr. of the mnirour:'.'.' 

cbool of the University of Minnesota m partial u PivP-'':'. 

or the degree of Doctor of Philosophy in Surgerr. 

’^Perimental Medicine, the Mayo Clinic. r-i,..nniV Jnteoin.il Fia'V. 

b Lane, W. A.: The Operative Treatment oi Chrome 
oadon, Henry Frowde, 191S. . „ -itrbilc .‘vjecr.n-.rc f' ■ - 

. 2. Waugh, G. E.; The Morbid jOjf'. 

''itb a Record of 180 Operations, Brit. J. Surg. 
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and there is no ciucslion as to the advisability of colectomy in such con- 
ditions as nuilti])le diffuse polyposis. 

From a study of the ])hysiology of the large intestine it may he con- 
cluded that it is a hi functional organ and, indeed, when one considers 
its embryologic development such a conclusion is obvious. Beginning 
low in the pelvis in the eittbrj-o and ascending ujnvard in the median 
line, or slightly to the left, in the early months of fetal life the colon 
is a left-sided organ up to the splenic flexure, and it remains so in after- 
life, held in place by peritoneal fusion. From the splenic flexure, it 
festoons itself across the abdomen to another fixed point under the liver, 
arriving there at about the third or fourth month, whence it extends to 
the right iliac fossa to a semifixed situation in adults. This rotation 
around the superior mesenteric vessels is counterclockwise and constant, 
except in a small number of variants. In addition, the left half of the 
colon is developed from the hindgut, whereas on the opposite side it 
takes its origin with the small bowel below the papilla of Vater from 
the midgut, or the absorptive portion of the gastro-intestinal tract. This 
embryologic difference and the development of the proximal portion of 
the colon with the small bowel early called attention to the fact that 
there must be dissimilarity of physiologic function in the two halves, 
and the normal association of the proximal portion of the colon with 
the small bowel from the standpoint of physiology was readily estab- 
lished. Anatomic differences in conformation and construction in the two 
halves likewise indicated a difference of purpose. When pathologic 
processes developed, a study of them indicated that different types of 
lesions were found as a routine in the two arms of the colon, producing 
different symptoms. For example, a malignant lesion of the right side 
of the colon clinically called attention to itself by disturbances of the 
physiologic equilibrium, in sharp contradistinction to the obstructive 
phenomena characteristic of the distal part of the colon. 

The cecum has long been regarded as a second stomach of primary 
significance in digestion and absorption, especially regarding cellulose in 
the herbivora ; likewise, its enormous variation in size and appearance 
in various animals has been a subject of comment by many authors. 
It is regarded as of much shorter heredity than the small bowel and 
with a function which has been changing in the process of its evolu- 
tion, so that definite statements regarding the physiology of this portion 
of the bowel cannot be made which hold true in all instances. In gen- 
eral, it may be stated, however, that the function of the right half of 
the colon is an absorptive one and that its movements are so regulated 
that progress of the food is slowed and thorough mixing is assured, thus 
fa^'Oring absorption. In the human being, very little digestion takes 
place here, although in some herbivora, especially in the horse, there is 
evidence that considerable takes place. The left portion of the large 
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li.v ;i I,. : i!' hiilclirais arc likeivise more fixed, 

and m,... >,nN i! In,, l.n.n. osl.'d.lisl»I Unit tl.is portion acts more 
or less ,in n mnnarino i.., -lonoco of rcsi.Iuc. In general, he conte B 
here are hard and nano or less inconipressible, whereas those o he 
right jM-irtinn of ;];c col'-n .-nf so a 

itinctirinnl hclinvitir may in- ma<ic '>11 this point a one. ^ j-g a 

activity ot tlic l\v.i pni-tii.n- I'var.- thi^ out as that 

<hict through wliicli tlic coiitvnt.s are c\ncua - Besides the 

arilv the niileti..., here ,s r'c”'™ 

motor and .ohsorptive '""t'.''’"*- ''yj less important than 

that ot secretion and excretion. iIk I.attc & poisons and 

the other.s .and no donht linked J ^tnial secretions of the 

toxins, as well as with the fonnation of 

nr the PnOXIStAL ?ORTIOS 
MOVEMENTS Of TOE P investigated by 

The niovcnicnt.s of the large intes in j-emain unsolved, 

many writers, yet there arc many \ many angles of 

Researches in this field have been - j(s^y by isolated strips 

approach, such as b\- the use of an abdoiuina of 

of bowel, by observing the effect of sec lO' pressure methods, 

various diets, by the action of drugs and hy roentgen ray with 

such as balloons, and in recent years t e u g^dy of the physiolog) 
a contrast medium has iieen invalua e m 

of the colon. • methods in 1896, attention 

After the introduction of roentgenosc wastro-enterolog} an 

was drawn to many misconceptions in e formerly been con 

in a great number of cases, conditions li ^ e 

siderecl anatomic variations were oun tlie concepts o 

movements; consequently, numerous necessary, 

tions of the small and large intestines " rhe large bowel seci ^ 

The first extensive study of by means of 

to have been made by Cannon * m _l902, subnitrate miNC 

vay, traced an opaque meal consisting o Valuable de n 

salmon through the alimentary tract o ,nost co 

-re made. In the eecum of «« ^"'ed to rS». 

movements to be antipenstalsis, ^gseending portmij 
contraction and propulsive waves m . jibe those ol tnc - 

These waves..he noticed, followed one conient m 

beginning either at the more / ,vhich he obsened , 

colon or at the nearest tonic consWC segment oi t • 

quently found at the termination ot ti ^ ^ ^ _ 

.... T>.tp;tlIieo 


3. Cannon, W. B. : Tte ^1°' (Jan.) 1902. 
the Rontgen Rays, Am. J- Physiol. 
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The first sign of activity was an irregular undulation of the walls 
of the organ; then faint constrictions passed backward to the cecum. 
They usuall}’ appeared at first only in the region of the ascending colon, 
but often started near the end of the transverse segment and passed 
without interruption to the tip of the cecum, where new waves of peri- 
stalsis were inaugurated, and these waves finally succeeded in carrying 
food to the distal transverse colon. 1 he activit}' was periodic with 
gradual disappearance of movements in a manner similar to that in which 
they appeared. Such a period of antiperistalsis lasted usually from 
four to five minutes and it was repeated at var 3 'ing intervals, often 
from three to six times an hour. About twent 3 "-fivc waves affected any 
one particle of food so that the result was a thorough mixing of con- 
tents, favoring close contact with the absorbing surfaces. These waves 
in the proximal part of the colon were definitely' influenced by psychic 
factors. Cannon ® inhibited these movements by' holding the cat’s nose 
so it could not breathe, and this in time stopped the movements alto- 
gether. There was no cessation of contractions during sleep; likewise, 
the movements continued during the night. Jacobj,"* in 1890, seems to 
have been the first to recognize antiperistaltic movements in the colon, 
and although he did not describe them in detail, he did state that they 
seemed to originate from a more or less broad constriction ring. He 
used cats in which he produced colchicum poisoning, and his studies 
were made primarily' on the small bowel. 

Elliott and Barclay'-Smith,® in a thorough study' of antiperistalsis, 
using etherized animals under saline baths and injecting pea soup into 
the segments of bowel studied, made observations which in general 
agreed with those of Cannon. They' also classified the different move- 
ments of the colon in a manner to explain the varying morphologic 
differences of that part of the alimentary tube in various mammals. 
Such difference, they stated, is related to habits of diet and not neces- 
sarily to zoologic classification. In the cat they found antiperistalsis, 
or backward-running waves of constriction, inherent throughout the 
length of the colon, and not confined to its proximal portion; yet, as 
a rule, this regressive movement was rarely present except in the ascend- 
ing, transverse and cecal segments. In the herbivorous animals, such 
as the guinea-pig and rabbit, in which, as Starling ® noted, a large part 
of the process of digestion and absorption goes on in the proximal por- 
tion of the colon, the latter is adapted for this, being capacious, with 

4. Jacobj, Carl : Pharmakologische Untersuchung iiber das Colchicumgift, 
Arch. f. exper. Path. u. Pharmakol. 27:119 (April 10) 1890. 

5. Elliott, T. R., and Barclay-Smifh, E. : Antiperistalsis and Other Muscular 
Actmties of the Colon, J. Physiol. 31:272 (June 30) 1904. 

6. Starling, E. H. : Principles of Human Physiology, ed. 4, Philadelphia, Lea 
& Febiger, 1926. 



j..iKSi w-n. ■h>,!-.\—rnysioLOGV of colon 

.'ilv-orin’ti! of lUKO'iti- ninnhrniic j)ri)jcctiiig' into its interior. In 

> . < € • f 


the t> 


1 ■ i - -j. o 

tiine.n-pji:. llioe t'orni a \alve heUvceii the cecum and the proximal 

...... ..... 2. 4 r\ r nl inrtipi; nf water 


h.lif 1)1 ihc colon whicli c.in resist a pressure of several inches of water 
scekiii” cN!( to t!ie colon, hut wiiicii yields readily to fluid moving with 
the current of .'inti]>erisl.'il‘'i'-. 

In KHioit and Ihnvlay-Smith’s studies on the dog. they never saw 
antiperislnlsi.s. aliliouLjh the cecum contracted often and with apparently 
groat force, hut it <lid this witii complete independence of movements 
ill the other portion of the colon. They consider the cecum in the dog 
iionumctional and dwindling, and th.al the current that has produced it 
has disappeared. This, m general, is in agreement with Bayhss and 
Starling's ' ohservalions. who considered the motor activity of the dogs 
colon as pcri.stnllic : similar studies by Zondek® and also by Lurje on 
the cat. rat, guinea-pig and other mammals confirmed Eliott and 
Barclay-Sinilh's results, 'i'empleton and Lawson/ in t eir s ^ 
the movements of the large inte.stinc of the dog, by a ° ^ , r_’ 

W'cre unaiile to <letcct anv contractions which they could c a y 

"t s.»die. *e 

«lon M(l, ,n corroborating ins toniicr the presence 

the origin and mechanism of antipenstalsis. s initiation of both 

of tonic rings of constriction as of ^^ntiation of findings 

peristaltic and antiperistaltic contraction, m waves, 

described by Bicdcrinann *' in 1904. He designa shortened 

in the colon as well as in the small ^ ^ (.gntinued 

condition of the musculature and suggested a c work along 

^citation. Cannon," in I9U and 1912, e in its 

this line and emphasized the importance o m ^ 

influence on movements of the colon. With the pre 

7. Bayliss, W. M., and Starling, E. H.i '^‘^^gS^T^fe^Movenients and the 

1 e Small Intestine, J. Physiol. 24:99 (May ) ’ 

Innervation of the Large Intestine, 27:1S, 1920; 

8. Zondek, B.: Studv of Peristalsis, Aren. 

^hstr., J. A. M. A. 76:346 (Jan. 29) 1921. Funktion des Dick- 

9. Lurje, H. S. : Untersuchungen fiber m ^ pi,ysio, 

darms- ly. Untersuchungen am uberlebenden Dickdar , 

^12:64, 1926. ytotor Activity o: t;i-- 

to. Templeton, R. D., and Lawson, H- '■ Studies m jgndcm Bah-’r 

^'■ge Intestine; 1. Normal Motility in the Dog, K ' . 


, ■‘“winnc; I, Normal Motility in - . 

*tethod, Am. J. Physiol. 96:667 (March) 1931- y[vcnteric Rede-v 

tl- Cannon, W. B. ; Further Observations on * - 
Physiol. 23:xxvi, 1908-1909. . phvsiologie der iK-ri-ia!:)' 

12. Biedermann, W. ; Studien zur . ip) 1904- , 

^'vegungen, Arch. f. d. ges. Physiol. 102:475 (i - j gp;;uJsi? 

^ 13. Cannon, W. B.; The Relation of Tonub to An 

J. Physiol. 29:238 (Dec.) 1911. 
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of coiitractioi], the internal pressure on adjacent parts of the intestinal 
wall is raised, the contraction regions nearby thus being distended and 
stimulated, with waves passing in each direction. However, he explains 
that as the contents of the colon ai'e more viscous as they approach the 
median portion, so hi the presence of a tonic ring, with fluid on one 
side and a viscous mass on the other, the effect would be different. On 
the side of the latter, the ring could not distend the wall and the wave 
would not pass distally, but proximally (antiperistalsis). The distal 
content could be moved by a contraction of the ring, and this is what 
Elliott and Barclay-Smith saw in the rat and other animals. If the 
contents were soft, the movements were likely to be antiperistaltic, but 
if the contents were dry and hard, peristalsis was the usual result, thus 
showing that the consistence of the feces was of significance in determin- 
ings the t 3 ’pe of movement present. The tonic ring of contraction was 
maintained after destruction of the spinal cord and, no doubt, the result 
of increased internal pressure. Balli has enumerated seven definite 
situations in the colon which, in reality, are spastic areas, although he 
designated them as sphincters, and further stated that these are the 
points of origin of antiperistaltic and peristaltic waves. The}’’ are as 
follows: (1) in the ileocecal area; (2) between the cecum and the 
ascending colon ; (3) in the cecocolic area in the proximal segment of the 
ascending colon ; (4) in the transverse colon, at the juncture of its first 
and third portions ; (5) at the splenic flexure; (6) at the juncture of the 
sigmoid and descending portions, and (7) between the sigmoid and the 
rectum. Other factors influence these waves, such as intestinal gases, 
and Henderson has shown that the carbon dioxide content of the 
blood may be of importance to a certain extent in the activity of the 
bowel. 

In 1918, Alvarez and Starkweather,^® studying intestinal gradients 
of rhythmicity, irritability and metabolism, showed that these were 
present in the colon as well as in the small intestine. They suggested 
that the herbivora, with their rough, less easily digested, bulky foods 
and their thin-walled bowel, need a more even gradient than the car- 
nivora. In the cat and the dog, the lower end of the gradient was often 
reversed, and this may save these animals from frequent calls to defeca- 
tion. Accentuation of this reversal of gradient, they explain, may be 
present with some types of constipation. 

r4. Ball!, R. ; The Sphincters of the Colon, Radiology 12:484 (June) 1929. 

15. Henderson, Yandell : A Method for the Direct Observation of Normal 
Peristalsis of the Stomach and Intestines, Proc. Soc. Exper. Biol. & Med. 6:67, 
1908-1909. 

16. Alvarez, W. C., and Starkweather, Esther : The Metabolic Gradient Under- 
lying Colonic Peristalsis, Am. J. Physiol. 47:293 (Dec.) 1918. 
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colon contains foreign bodies, and dilatation at the upper union takes 
place where the opposed peristaltic waves meet. Fluid material passes 
through the loop readily. It is believed that antiperistalsis takes place 
here, propelling the content of the loop onward, yet the results are not 
convincing since adaptability of the bowel to new conditions may explain 
the entire situation. In 1923, Muennich studied antiperistalsis on 
excluded intestinal segments. He found (contrary to Roith’s -® opinion 
that antiperistaltic waves cease from the middle transverse portion of 
the colon downward) that they seemed to be present in the entire organ. 
He demonstrated a backward flow in cases of ileosigmoidostomy, thus 
explaining the filling up of the colon back to the cecum and no doubt 
resulting in the untoward symptoms seen in cases of this nature. 
Albrecht reported a similar case, and likewise concluded that anti- 
peristalsis in the excluded segment was the explanation of the phe- 
nomenon. Blamoutier,-® in 1925, using roentgenoscopic methods, saw 
antiperistaltic waves in all portions of the colon except the rectum, and 
even occasionally noted them in this segment of the large intestine. 
Cannon,^® in 1911, stated that reverse mOA'ements are present, and that 
retrogression of feces from the rectum may take place by this movement. 
It commonly occurs after repression of desire for defecation. However, 
the rectum may often be full of feces, as Alvarez and other clinicians 
have found during examinations of the pelves of women, so that retro- 
gression is not always the rule. 

The possibility that antiperistaltic movements can be the cause of 
vomiting has been disputed. Beer and Eggers and Nothnagel stated 
that vomiting of formed feces and of enemas introduced into a normal 
gastro-intestinal tract cannot be explained on any other basis. Alvarez 
quoted a number of authors who have observed the stomach in vomiting 
and rarely have they observed rer^ersed movements. Alvarez suggested 
that a general reversal of the intestinal gradient may occur in which 
the colon takes only a small part. 

Colored substances have been injected into the rectum and the sub- 
sequent course watched. Bond, in 1905, showed that particles of car- 
mine can travel from the anus back to the cecum and even higher by 

25. Muennich, G. E. ; Unilateral Intestinal Exclusion, Surg., Gj'nec. & Obst. 
36:773 (June) 1923. 

26. Roith, O.: Ueber die Peristaltik und Antiperistaltik des menschlichen 
Dickdarmes, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 25:203, 1912. 

27. Albrecht, Hans : Zur Frage der Antiperistaltik im Dickdarm bei schwerer 
Obstipation, Miinchen. med, Wchnschr. 59:1592 (July 16) 1912. 

28. Blamoutier, P. : Les tnouvements antiperistaltiques du gros intestin, Pans 

med. 55:325 (April 4) 1925. . 

29. Nothnagel, C. W. H. : Beitrage zur Physiologic und Pathologte des 

Darmes, Berlin, A. Hirschwald, 1884, 



9 


’.v-/-.;!,,.; \-rnysioL(K,y or colon 


“u v(r>-v ( in'uriu r.'^' Xolhiiagel and Starling used similar 

:i'.( tlKn];., Inn tlu'ir concIuMtnis were against the presence of so-called 
rewix- nirrenls. Howe ver, tlfir experiments were performed on dogs, 
and ni these annuals antiperi'-taKis jernbablv does not occur, at least not 
to any consieleTaliU- di'giei- 

1 he introduction into the rectum of an enema, such as saline solu- 
tit'ns. by means of the Mur]ihv drip ])roctoclysis. is followed by trans- 
portation by antijHM-istal-i'- r.f the fluid to the proximal or absorbing 
I’ortinn of the large intestine, and cx]i!ains the disappearance of large 
dttantities of fluid introduced in this manner. 

Roentgenogrnjibic studies on antiperistaltic movements in the colon 
of man have contrilmted much of value. Stierlin,=' in 1910, and Stierlm 
•■md Fritasebe saw reverse transport of feces in the colon of baboons 
could detect no such activitv in the large intestine of man. Kaestle,=® 
’n 1912. Serena.--- in 1913. and Guarini.’^ in 1919, were of^the same 
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Lenz,« in 1919, noted a retrotransport of feces in the colon of man 
due to a strongly active contraction directed orally, but he did not con- 
sider this as identical to antiperistalsis. Case stated that reversed 
waves are the prevailing type of movement in the proximal colon and 
that they may become exaggerated in the presence of obstruction lower, 
thus resulting in stasis in the 25roxinial segment. He called attention 
to the fact that many writers have described gangrene of the cecum 
associated with obstruction in the pelvic or sigmoid portions of the colon, 
and explained the phenomenon as due to waves of antiperistalsis originat- 
ing at a tonic contraction ring creating back pressure, resulting in 
distention of the cecum. Blamoutier,-® in 1925, definitely saw this 
type of contraction ring from which waves of antiperistalsis seem to 
arise. He commented on the fact that the ileocecal valve would soon 
atrophy if it were not for the presence of reverse waves. 

Movements other than antiperistalsis take place in the proximal 
colon. Cannon stated that there are several of these, the first of 
which he called the serial sectioning movement. This consists of the 
separation of a small segment in the cecum by a constriction, followed 
by a second constriction which cuts off another segment just above the 
first, and with the disappearance of the first constriction, the separated 
segments unite. A third segmentation then takes place above the second 
and the changes again occur, thus sectioning the whole mass. Another 
movement consisting of broad constricting bands appearing and relaxing 
results in a gentle kneading of the contents. He also noted other move- 
ments in the ascending colon, such as strong constricting rings, forcing 
the contents into the transverse colon. Sometimes- these started at the 
ileocecal valve, but more often they originated in the ascending portion, 
usually without visible stimulation. Elliott and Barclay-Smith found 
what they called “propulsive peristalsis” which was present throughout 
the colon in the animals they studied and which was responsible for 
the downward movements of the contents. 

Holzknecht’s opinion was that the colon of man rests most of the 
time and is active only three or four times each day. He saw 
masses of feces pass through the colon for a considerable dis- 
tance almost instantaneously and called them “mass movements. 

40. Lenz, Emil : Der retrograde Transport im Dickdarm des Menschen, sefn 
Wesen, seine phj'siologische und klinische Bedeutung, Arch, f. Verdauungskr. 25: 

54 and 128, 1919. 

41. Case, J. T.: Surgical Physiology and Pathology of the Colon from the 
X-Ray Standpoint, New York State J. Med. 21:156 (May) 1921. 

42. Cannon, W. B. : Peristalsis, Segmentation and the Myenteric Refle.x, Am. 

J. Physiol. 30:114 (April) 1912. 

43. Holzknecht, G. : Die normale Peristaltik des IColon, Mtinchcn. med. Wchn- 
schr. 2:2401 (Nov. 23) 1909; The Normal Peristalsis of the Colon, Arch. 
Roentgen Ray 14:273 (Feb.) 1910. 
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Tlu'sc liflnni; niori; jiropcrly to niovcinents of the left half of 
the colon and will he con.-'idcrcri later. Sticrlin found that the 
ccciim po^.';cs.‘^cd the Ica^l motor capacit)' of any portion of the colon. 
Schwarz, in his lluoroscnpic work on the large intestine, found that the 
latter was never :it rest l)Ut was continually moving and at times capable 
of very intensive, rapid contractions, leading to considerable displace- 
ment of its content toward the anus. The observations of Kaestle, 
Hertz and Xewton. Case. Walsham and Overend, Hertz,“ Lenz,^" 
Hignac.'*" Gnarini. Isemein and Poinso, and Blamoutier are of similar 


natnre. 

In summarizing the mo\ements of the proximal poition of the colon, 
it mav he stated that this segment is a mixing and absorbing one, and 
the movements here are not so pronounced or well defined as in the 
remainder of the large intestine, which is the propelling segment. 

Fund ions of the Haustra and Taeniae— At this point, it may be 
well to consider the functions of the haustra. Lineback has made 
the most recent and most extensive studies on the subject. On the 
outer surface of the colon there are three lines of thickening of the 
longitudinal muscle la}cr called the taeniae, which are wel defined in 
the adult. These are shorter than the colon ; so they have the proper 3 
of decreasing its longtli and thus causing the iutervenmg parts of the 
intestinal trail to he dratvn or puckered into folds called haustra. 
Kaestle “ and Katsch ” think these folds may be “ 

constriction of circular fibers, but it is probably true that 
operate to produce the condition. Lineback. corroiora lug 
observations, showed that many small bun es o ers p j , 

longitudinal layers to the circular layers, so that the latter re somet, » 
thinned in the region of the taeniae. By roentgen 
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stomach and small bowel. Elliott and Barclay-Smith, studying the 
mechanisms of antiperistaltic waves, presumed them to be immediate 
myogenic responses to distention and correlated them to the churning- 
movements of the small bowel. Alvarez’s gradient idea explains the 
phenomena of movements in the colon in a logical manner. The ileo- 
cecal sphincter normally has a gradient of irritability higher than 
that of the ileum, thus explaining baclcward reflection of U'a^'es over 
the ileum, the sphincter functioning as an effectual barrier. The 
muscle of the colon is more sluggish than that of the ileum, and 
segments of the tip of the cecum were less irritable than those from 
the base. In stud 3 dng the moA'ements of the cecum, he found the 
gradient to be upward from the base of the cecum, through to the 
remainder of the colon, thus explaining its reservoir function. He 
showed that normall}'- the tone of the rectum and sigmoid is higher 
than that of the colon immediately aboA'e; this he noted to be helpful 
in keeping fecal matter from packing up against the sphincter, and 
this explains how sometimes feces are i-eturned to the upper part of 
the colon when defecation is postponed. Defecation can be readily 
supposed to take place when the gradient above becomes so steep or 
that of the sigmoid and rectum so lowered that the fecal material moves 
downward. In' a similar manner, interference or an abnormal gradient 
may explain constipation, postoperative ileus, vomiting, gastric dilata- 
tion and dyspepsia. 

Studies of Movements of the Colon with Various Types of Enemas. 
— ^The introduction of the opaque enema along with roentgenoscopy or 
fluoroscopy, and the use of other D^pes of enemas, have afforded an 
important means of studying the physiology of the colon. Cannon,® 
in 1902, made many observations, using roentgenographic methods, and 
thought that enemas in general stimulated antiperistalsis of the colon; 
the movements sometimes lasted over an hour, but usually they were 
not strong enough to force the contents through the ileocecal valve unless 
the enemas were •\^ery large. However, he once saw these waves in a 
normal subject, after using an extremely small enema, so came to no 
definite conclusions. In the cat a small enema of 25 cc. of the opaque 
mixture first lay in the descending colon ; then reverse waves were soon 
set up and the material was foi’ced back into the cecum, but nothing 
went through into the small intestine. With from 90 to 100 cc., it was 
often observed to pass through the ileocecal valve. Schwarz,®® in 1911, 
found that considerable stimulation to contraction of the colon was 
obtained by use of various enemas, and his observations in human beings 
were similar to those of Drummond,®® Avho noted that enemas rarely go 
be 3 'ond the cecum ; in other words, the ileocecal valve was usually com- 

56. Drummond, Hamilton: Observations on the Functions of the Colon, with 
Special Reference to the Movements of Enemata, Brit. M. J. 1:240 (Jan. 31) 1914. 
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pctoiU. Mcrtr, " foniul that it more than 750 cc. of fluid was used in 
human i)cings. the colon contracted and expelled the contents, and he 
thought that hydrostatic pressure alone brought about passage of fluid 
to the cecum. lOrummond tried this on cadavers and found that the 
fluid ])asscd backward just as rapidly as in the living person. 

Joltrain. Baufle and Coope produced pressure of various kinds in 
the large bowel and noted the eftects. They found that the normal colon 
can hold about 1.000 cc. of fluid, which they computed was under a 
pressure of from 16 to 20 cm. height of water and cieated no distress. 
With various diseases of the large intestine the capacity was much less 
and the pressure under which it was retained was much greater. When 
the pressure rose to around 30 cm. of water, with a volume ot 3,000 cc. 
in the colon, the patients complained of pain and distress. Burf - 
determined the pressure required to ruptuie the bowel at \aiious e\e. 
by the introduction of air. He found the rectum to support the greatest 
average pressure, with the sigmoid, ileum, esophagus, jejinniin. 
verse colon, cecum and stomach in order of their rupture. The greates 
pressure supported was 11.59 pounds per square inc i. n t le rectum 
a child, aged 11 years, and in adults, the average ,vas 
pounds per square iuch. The practical application of f 
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tion for the opinion that part of the nausea and distress, and even of the 
vomiting, following abdominal operations may be due to the use of the 
Murphy drip type of apparatus for rectal instillation of fluids, and, in 
fact, several authors have commented on this. Rolleston and Jex-Blake 
noted that in a series of ninety-six patients with gastric disturbances 
who were fed by rectum, twenty-six vomited at some time or other, and 
Bine and Schmoll advised against the use of enemas in the presence 
of fecal vomiting, because in this condition any fluids instilled in the 
rectum would be liable to be vomited. The explanation of the phe- 
nomenon, as Alvarez stated, is a reversal of the normal gradient, with 
waves traveling in the opposite direction, due to the stimulation of the 
lower end of the tract by the irritating enemas. 

The movements of the colon were studied by the authors with a 
tandem set of three balloons in the isolated large intestine of the dog. 
In this type of preparation in which nearly normal conditions were 
maintained, the ileum was connected to the sigmoid as closely as was 
anatomically possible and the two ends of the colon were brought out 
as in cecostomy and sigmoidostomy, respectively. In this manner, the 
influence of anesthesia as well as operative trauma could be excluded. 
Kymographic tracings were made of the movements by the use of small 
balloons connected to a water manometer system. The position of the 
balloons as checked at postmortem examination was found to be in the 
cecum, at the splenic flexure and in the lower part of the sigmoid. By 
administration of various cathartics through the stomach, definite 
activity could be elicited in this isolated loop such as that accompanying 
defecation, vomiting or the gastrocolic reflex. 

One of the most evident facts that impresses one in this study is the 
marked difference in activity between the cecum and the remainder of 
the colon. The cecum was constantly active and from these movements 
of mixing and churning it could easily derive its important function of 
absorption. Whether these contractions are antiperistaltic or peristaltic, 
or whether they are the result of local stimulation was difficult to 
determine, but at any rate they were definitely of different character 
than those of the distal portion of the colon. They seem to represent a 
higher degree of irritability than is found elsewhere in this organ. Nor- 
mally the distal part of the colon was almost completely inactive, show- 
ing only small, almost imperceptible contractions which probably were 
the effect of respiration. However, Avhen activity did take place the 
most frequent movements were systolic pulsations and not peristaltic 
waves. The latter type of contraction was rarely definitely identified. 

60. Rolleston, H. D., and Jex-Blake, A. J.: On the Occurrence of Vomiting 
During Rectal Alimentation., Brit. M. J. 2:68 (July 11) 1903. 

61. Bine. Rene, and Schmoll, Emile: The Treatment of Gastric and Duodenal 
Ulcer, California State J. Med, 12:361 (Sept.) 1914. 
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Many nntliDi's have foniul the colon never inactive but continually 
showing some (Icgrco of motility. These movements of the large intes- 
tine indicate a high degree of efficiency which has been developed, and 
show the aclajilalions of this organ to mechanical conditions which are 
jn-esent. The aclivilv of the cecum promotes absorption and aids in 
I'etaining the fecal material until the consistence is such that it 
acquires form and is then pushed on though the transverse colon 
to the splenic flexure. Im-oiii here it is transported by coarser movements 
and undergoes little change until it is expelled. Disturbances in this 
absorjuive or exjnilsion function, such as retaining the feces in a liquid 
state throughout, or on the other hand, drying them too much, may 
account for some cases of diarrhea and of constipation, as many authors 


have suggested. 

It is a common clinical observation in patients with diarrhea that 
after eating there are abdominal distress, cramps and the urge to 
evacuate the bowels, and also that the patient is definitely more com 
fortable between meals. There seems to be no doubt that there is a 
definite relationship between the ingestion of food and defecation in 
both normal human beings and animals. In the present series o 
experiments on the so-called gastrocolic reflex, the atter J 
elidted in spite of the fact that there was 
intestinal tract between the stomach and colon, so a le p 
an impulse running down the bowel by either neurogein 

means to stimulate the^ colon must o" the ileum were 

Alvarez quoted Short,®- who noticed 

always active except during ut^ sphincter in from 

gushes of succus entericus appeared r-annon in 1911. showed 

one and a half to four minutes. Likewise Cannon.^ 

that as food enters the cecum a ^er ^ ..receptive relaxation" 
Lyman 8® further demonstrated wha le . 

of the colon when food entered it fron i ..^s. He also noticed 

cardia as its contents pass throug t ie “ '’ ■ ■tgejfthroughthe 

that as soon as the small bowel had ms le intestine 

ileocecal sphincter and had again reciprocal innervation 

became active. His explanation is w Hubus and Tiberghien " 

of the two portions of the bowel. 'ij produce moxement' n: 

sectioned the ileum near the cecum and could prod ^ ^ ^ 

62. Short, A. R. : Observations on the Ileo-Caccal 

2:164 (Aug. 9) 1919. Relaxation of the Colon. .X:n .T r' ;. - 

63. Lyman, Henry: The Receptnc R ■ 

32:61 (May) 1913. Tiberghien, P- : Contraction. ' ; , 

_ 64. Surmont, H. ; Dubus, A- a" dnodf-nalc. Cotr;’’. r. r . •' • 

secutives a des excitations prep> lo Q 
71:641, 1911. 
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the colon by irritation of the stomach. Likewise, Alvarez, in 1924, cut 
the bowel across and found that although no waves crossed this opening, 
yet simultaneous movements took place in man}' parts of the intestine, 
and he was of the opinion that nerves in the mesentery served to carry 
these impulses. The mechanism of the gastrocolic reflex he explained 
on a similar basis; this seems the most reasonable in accounting for the 
presence of this type of activity in the colon in this series of experiments. 

MOVEMENTS OF THE DISTAL, OR LEFT, HALF OF THE COLON 

The movements of the left half of the colon are antiperistalsis, 
which most investigators agree takes place, at times especially, in con- 
nection with a similar t 3 'pe of activity in the right half of the colon, and 
coordinated peristalsis, which drives the content onward, similar to that 
of the small bowel. Several other types of movements in the colon have 
been reported. The best understood of these are the strong contractures 
which evacuate the boivel. Elliott and Barclaj'-Smith noted that these 
were slow, poiverful constrictions of the tube commencing at a point a 
considerable distance up the colon and running downward to empfy the 
contents, an action common to all animals and a fundamental reaction to 
stimulation of the sacral nerves. Most of our knowledge of the move- 
ments of the colon has been gained by means of roentgenograms, either 
an opaque meal or an opaque enema being used. 

Cannon,^ in 1902, found that as the content from the proximal colon 
was pressed gradually onward tmvard the transverse and descending 
portion of the colon, a deep constriction appeared near the advancing 
end and almost separated a globular mass from the main body of food. 
The contents progressed farther along the colon, and new tonic con- 
strictions appeared which separated the contents into globular masses. 
As these increased in number, they got farther from the cecum, although 
they were present chiefly in the descending colon. Raiser recorded 
similar observations in the colon of the rabbit, in which deep circular 
constrictions separated the scybalous masses. Thus, as Cannon brought 
out, these rings of constriction, moving slowly from the cecum, pushed 
the hardening contents before them. It is obviously an advantage to 
have them pushed through in divisions rather than in a uniformly 
C3']indric mass, and while this is going on, some absorption takes place 
within the confines of these rings. Kaestle explained the facility with 
which the contents of the colon Avere moved forward as due to an 
advancing column of gas which opened up the lumen of the boAvel 
before it. 

65. Raiser, K. P. T. : Beitrage zur Kenntnis der Dartnbewegungen (Giessen), 
Worms am Rhein, A. K. Boeninger, 1S95. 
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Sclnv.-ii r. ill, it incrcasi-d abdominal pressure was of con- 
siderable sicnilicance in ninvinir the fecal material along the colon, and 
tliat in ciinsti]iatinn and in stenotic lesions of the bowel he could see 
the scgmenlation contractions somewhat accentuated, and even hyper- 
motile. depending on the degree of occlusion of the lumen of the bowel. 
Serena, in 1 '> 1 .\ made snmlar observations, and Bergmann and 
Schwarr. *" netted that contractions were markcdl}' activated under the 
influence of disli nding enemas. \\ alsham and Overend stated that these 
movements are due to true jicristaltic waves, with a rate of from one 
to two a minute, and that they arc abolished by nicotine or curare and 
probably originate from nodal tissue. W alsbam and Overend described 
smaller rhvthmic contractions with waves coming at the rate of about 
twelve each minute, which they claimed had no directive power but 
exhibited jieriodic augmentation and were either purely myogenic or 
mvoneurogenic The^c were practically identical to those observed by 
IfOmcin .nn,l Toinso. in 1922 , found that the tonus and move- 

ments of the colon de]-)cnd largely on the bulk of its contents, an ese 
varied continuously with the amount of ps and feces present. e a 
observed that the descending and pelvic portions o t e co on 
usually empty and consec|ucntly in a state of tonic contrac 
or less obliteration of its lumen, whereas the opposi e j 

present on the right side. Here the contenpvas 
tonus was less -md the lumen greater, so that le con 

to find a large splashy cecum when the port.on of_cota 

side gave the impression of a . was quiet most 

observations on human subjects, he noted which a meal 

of the time and only changed materially after hours m winch 

Hickey'S found the movements of the ^ 
enema so slow and so infrequent that 3 barium meal or 

rare, and in most cases, whether the co on is shape and 

by a barium enema, the examiner can repor However, by 

relation of the component parts of the large ’material he saw 

overdistending the organ with large enemas along to the s]ilcnic 

peristalsis begin in the transverse colon and P of 

flexure, forcing the content onward an is ^ .pj-riipted temporarily here 

die descending colon. The content ma} {jon of the descending col'vi 

but it soon passes on, emptying the lo\\er which may result in 

and starting up peristaltic waves m the si^ 


66. Bergmann, quoted by Schwarz.- rdon. Bril 

67. Hurst, A. F.; Sins and Sorrows of the oo 


J. (.Turf i' 


1922, 

68. Hickey, P. M. : Peristalsis of the 

1922. 
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evacuation. About this time peristalsis starts in the cecum, empt3n'ng it 
rapidly and passing onward to the transverse colon where the procedure 
again takes place. Flint holds an opinion similar to that of Hickey 
in that he found the colon quiet most of the time except after meals, and 
Murray stated that normal peristalsis does not take place until the 
colon is full. Macleod regards the descending colon as a tube for 
the transferring of masses from the transverse colon ; he claims it is 
never distended. Rokitansky, in 1842, stated that this portion of the 
colon is normally empty. This fits in well with the study of Gleize- 
Rambal,'^- who observed that there is a line of demarcation between the 
transverse and descending portions of the colon which makes the distal 
colon well suited for strong muscular efforts to evacuate it. The 
descending portion is smaller and rounder and maintains its shape with 
greater ease than the transverse portion which is large, thin-walled and 
transparent. Microscopically, the muscularis of the descending portion 
is thick, and that of the proximal portion is poor in longitudinal fibers. 
He also found the cellular structure denser and thicker on the transverse 
portion with correspondingly greater amounts of mucus in this region. 
His- observations were made on cadavers, at laparotomy and roentgeno- 
graphically. Similarly, Ivirkes found that the muscular fibers of the 
colon become stronger as they progress distally, and are strongest in 
the rectum where greatest tension is exerted. Schellfaerg considered 
the attachment of the colon at the hepatic and splenic flexures 
as important in the performance of their movements, which, he stated, 
are deliberate and seldom take place. Mills described three movements 
of the colon expressed in relation to the colonic rugae, in which Forsell 

69. Flint, Ethelbert: Discussion on the After Results of Colectomy (Par- 
tial and Complete) Performed for Colon Stasis, Proc. Roy. Soc. Med. (Sect. 
Proctol.) 15:54, 1922. 

70. Murray, D. H., in discussion on Beach, W. M.: The Subnormal Function, 

J. A. M. A. 71:1453 (Nov. 2) 1918. 

71. Macleod, J. J. R. ; Physiology and Biochemistry in Modern Medicine, 
ed. 5, St. Louis, C. V. Mosby Company, 1926. 

72. Gleize-Rambal, L. : Sur /I'individualite anatomique du colon descendant, 
Compt. rend. Soc. de biol. 99:2015, 1928; L’individualite structurale du colon 
descendant, ibid. 100:368, 1929; Note sur la disposition du gros intcstin de I’em- 
bryon humain du 3« mois, ibid. 100:715, 1929. 

73. ICirkes, W. S.: Handbook of Physiology, ed. 16, New York, William Wood 
& Company, 1900. 

74. Schellberg, O. B : Observations on the Physiology of the Human Colon, 
Internat. J. Med. & Surg. 41:40 (Jan.) 1928. 

75. (a) Mills, A. E.: Some Effects of Disturbance of Physiology of Move- 
ments of Gastro-Intestinal Tube, M. J. Australia 1:127 (Feb. 7) 1925. (6) Mills, 

R. W.: Studies of the Colon: I. Roentgen-ray Evidence of Colonic Secondary 
Changes, Am. J. Roentgenol. 11:487 (June) 1924. 

76. Forsell. quoted by Mills."®'* 
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agreed. Tiie.'^e, lie slated, are: (1) the lateral or nonhaustral 
canalicular. (2) the general polydirectional haustral and (3) the longi- 
tudinal hauslral compression movements. 

Lenz studied the movements of the colon of the cat through a 
celluloid abdominal window; Katsch and Borchers ‘‘ have described the 
technic of this method in detail and saw two types of propulsive move- 
ments. annular and tuhular, which were entirel}’’ distinct from those of 
defecation. Zondek,'" in 1921. made a similar study of various animals 
and observed peristaltic movements occurring with considerable regu- 
larity in the dog about every thirt}' seconds; these were markedly 
stimulated by tbe taking of food. He also described haustral segmen- 
tation by a similar means in the colon of rabbits, and antiperistalsis as 
the usual finding in the proximal portion of the large intestine in the cat, 
rat. guinea-pig and other mammals. Plant and j\Iiller, using balloons 
in the colons of unanesthetized dogs, observed waves similar to those 
obtained b}' Templeton and Lawson. The latter investigators use a 
tandem set of six balloons in the dogs colon, three of whici vere 
inserted through a cecostomy opening and three through the rectum, 
and obtained some excellent records of the character o t e movemen s 
of the large intestine. With this preparation simuteneous tracings 
were made of the entire colon. In the proxima por ion, ac ivi } 
distinctly periodic with contractions superimpose on c 
whereas' in the distal portion changes in tonus were 
but otherwise similar. The point at which the change ^ook P 
at the splenic flexure. They also found that the 
as a unit, but that the activity was subject to sudden alt rations m t 
formatioii of waves going in either direction. In general, their results 

confirm those of other investigators. . nic 

Mass Ma-ae,ne,„s.-Ona oi the most interesting -d 
pnted movements of tl.e colon is the so-called mass 
described by Herts “ in 1907 and 1908, Herts. Cook and Schlestn.er 

Gerhard., and Borchers, Eduard , ”” 

bewegungen. I. Das experimentelle Bauchfenster. 

12:225 (Jan. 8) 1913. .. i t,.r,rrpn am e.xpcrimcntcllcn 
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Bauchfenster, Arch. f. Verdauungskr. 27:18, 

(Jan. 29) 1932. , ^ Volatile Oil.^ cn 

79. Plant, O. H., and Miller, G. H.: Effects o pj^Y"macol. & Exper. Tiicrap. 
the Muscular Activity of the Stomach and Colon, J. 

27:149 (March) 1926. Treatment of Chronic Constirntion, 

80. Hertz, A. F. : The Pathologj' and Treatn 

Proc. Roy. Soc. Med. (Sect. Med.) 1:119, 190c.. . Cojiat 
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Purgatives, Guy’s Hosp. Rep. 63:297, 1909. 
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in 1909, Holzknecht in 1909, Barclay in 1912 and Kaestle in 1912, and 
later by many others. Previous to the paper by Holzknecht in 1909, 
there seems to be no detailed statement concerning the mechanics of 
the propulsion of the fecal content over considerable areas, and credit 
should be given him for recognizing and describing these movements 
in detail. In brief, this movement is as follows: It is the principal 
normal propulsive movement of the colon taking place three or four 
times a day, serving to move the contents of the bowel from the anti- 
peristaltic influence of the pi'oximal portion of the colon through to the 
distal portion. The mechanism, as Holzknecht explains, may possibly 
be a powerful peristaltic wave, but more likely is associated with a tonic 
contraction of the circular coat of the part of the colon through which 
the wave passes. The haustral markings disappear and fecal matter 
seems to run together in a sausage-like bolus, which has smooth edges 
and is rounded at the ends. The mass at once begins to move at about 
twice the rate of peristaltic waves in the stomach, and the rate and 
distance of this movement are variable, sometimes transporting the fecal 
content from the cecum to the pelvic colon or rectosigmoid without 
stopping. When it comes to rest, haustral indentations reappear. 
Alvarez observed these mass movements often secondary to a rush 
wave in the small bowel and frequentty resulting in a call to defecation. 
According to Case, they are most often seen before or during defe- 
cation. These movements are accompanied by a gurgling sound, due, 
Kaestle stated, to the accumulation of gases in advance of the moving 
mass, and expanding the colon ahead, thus facilitating movements over 
long distances. Diarrheal cramps. Case stated, are often accompanied 
by mass movements, and Alvarez saw these contractions in patients with 
a tendency to diarrhea. Kaestle noted these movements in a woman; 
the entire colon took part, contracting down to the size of a cord, but it 
was so marked and long continued, as well as accompanied by such severe 
spasmodic pain, that he concluded it was due to a disorder of innerva- 
tion of the colon. Hertz,^^ in 1909, and also Welch, in 1925, noted 
perceptible progress through the colon after meals, but otherwise this 
was very slow. Barclay,®^ in 1911, 1912 and 1913, studied these move- 
ments carefully and blamed defects in mechanism of this type of activity 
as resulting in stagnation in the rectum and other parts of the colon, 
and being one of the causes of constipation. In a further study in 

82. Barclaj', A. E.: Note on the Movements of the Large Intestine, Arch. 
Roentgen Ray 16:422 (April) 1912. 

S3. Welch, P. B.: What Constitutes Constipation : Some Observations on 
Colon, J. Iowa M. Soc. 15:18 (Jan.) 1925. 

84. Barclay, A. E. : Radiological Studies of the Large Intestine, Brit. J. Surg. 
2:638, 1914-1915. Barclay SL 
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1909 and again in 1913, Hertz,” and also Betz, in 1912, corroborated 
Holzkncclit’s view and added that the chief stimulus to this movement 
is entry of food into the stomach, and designated it as the gastrocolic 
reflex. Holzknecht. incidentally, noted the mass contraction after feed- 
ing a second bismuth meal. Hertz further observed that normall)' the 
ileocecal sphincter Jield hack the content in the terminal ileum for a 
considerable time, relaxing principallj’’ during meals, at which time the 
greater part of the content entered the cecum. Peristalsis in the louei 
])art of the ileum became more activated at meal time. Hertz and 
Newton, in 1913, saw the phenomenon in a patient with partial intestinal 
obstruction due to carcinoma of the rectosigmoid juncture, and noted 
that the contents of the colon passed from one end to the other in a 
second or two, with no signs of either peristalsis or antiperistalsis. 

Isemein and Poinso explained the mechanism of the gastrocolic 
reflex as consisting either of stimulation of the colon by a hormone 
from the gastric mucosa or of stimulation of the circular muse es ot 
the small intestine down from the stomach and extending to the large 
bowel. Likewise. Betz, in 1912, considered the stomach and rectum as 
the principal reflex routes for stimuli to the intestine. Alvarez regaided 
the gastrocolic reflex as involving the mesenteric ner\es. 5 „„ridic 

in 1916, Walsham and Overend reported J" 

mass movements following: cliiefly either t le .^^2 Hurst 

empty stomach or evacuation of the bowel, f 
corroborated these observations, stating ^''1^ ’ ‘ , j j 

lion of water from the contents of the right half » « ' 

matter is moved from the tha, during the dat 

until mass movement cariies it fartne . > „nrf'inns of the colon 

the greater par, of the cecal, ascending J'" “ii.l 

are more or less full and the remaining p - stomach and 

study. Welch and Plant,«‘ using subjects, 

colons of dogs through fistulas, an in normal muscular 

obtained traefngs. Their observations ai.c 

activity of the colon is very irregular an „ 

contractions occur, with the colon ner obtained 

tivity which Holzknecht found. After feed _ ^ to several 

a definite increase in tonus of the colon in ‘ minutes. Sometimes 

minutes, lasting from ten to twenty or up o • - 


minutes, lasting trom ten to there w.a^ 

this reaction would be repeated seve fict-nH in the stomacli. sr.cn 

no second effect. By feeding througi a ,, .-.,11 

results were not obtained. They there ore 
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of the Colon, with Special Reterence to Its Ke-P 

172:261 (Aug.) 1926. 



24 


ARCHIVES OF SURGERY 


reaction a “gastrocolic reflex” was a misnomer and that it is really a 
“feeding reflex” or “appetite reflex,” similar to that of gastric secretion, 
depending not on distention of the stomach with food but more on 
psychic stimulation. They further substantiated this opinion by obtain- 
ing a typical result with merely the entrance of the attendant who 
usually fed the dog. The}'^ also demonstrated that with an empty bowel 
the effect was much less or was even absent, as contrasted to that 
obtained when the bowel was full, Schellberg, in 1928, considered the 
presence of gas as important in mass movements, and also that chemical 
activity of the fecal content on the mucosa played a considerable part in 
this and other types of movements of the colon. Draper and Johnson ®’‘ 
disagree with former opinions of mass movements and stated that pro- 
pulsion of the contents of the colon takes place by slmv imperceptible 
segmentation contractions and probably not by so-called “mass move- 
ments” which they were never able to see. Hines, Lueth and Ivy,®® in 
1929, put balloons into the rectums and sigmoids of human subjects, 
through a proctoscope. They found two definite types of curves, one 
a slow, slight rhythmic elevation with a tonus rhythm and the other 
steep contractions. Among twenty-one normal students they obtained 
a steep contraction in five only after meals, and this was concomitant 
with an urge to defecation. They felt this was probably the gastrocolic 
reflex of other investigators. Such urge was not present if the subjects 
were constipated, and steep waves could not be obtained at any time 
with similar technic. They concluded, therefore, that the threshold for 
sensation in cases of constipation is raised. They also concluded that, 
the latter type of movement is an involuntary aid to defecation. Move- 
ments similar to the mass contraction of Hohknecht were obtained by 
Ganter and Stattmiiller.®® Using a balloon in the colonic stoma of a 
patient with chronic ulcerative colitis, they obtained high contractions 
in groups similar K those obtained by Hines, Leuth and Ivy. Peiper,°° 
by putting a double balloon in the distal colon of children, found that 
usually there was no activity, although if diarrhea was present there was 
a pendular type of movement. 

Defecation.— Cannon,^ in 1902, observed the process of defecation 
by roentgenographic means and described it as a slow, sweeping move- 

87. Draper, J. W., and Johnson, R. K.: The Pathogenic Colon: Recent 
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iiient in which the bowel swung around so that the ascending colon lay 
in the position of the distal half of the transverse portion, and the latter 
took the position of the descending part. At the same time tonic con- 
tractions disappeared and were replaced by strong, broad contractions 
of the circular muscle, tapering the contents off on each side into two 
cones. As the intestine swung around, more material was forced into 
the rectum by constriction, dividing the lumen, which passed slowly 
downward aided b\^ the abdominal musculature. Usually some material 
was left behind in the cecum. Hertz described this act as consisting 
of contractions of the diaphragmatic and abdominal muscles which 
resulted in a considerable increase in pressure in the abdomen since 
the glottis was kept closed, aiding in forcing more feces into the rectum. 
Through the stimulation thus produced in the rectum, involuntary peri- 
stalsis starting well back in the colon was initiated. Included in this 
chain of reflexes was inhibition of the internal sphincter. His impression 
ivas that the entire colon took part in the act, but that onl)' the bowel 
distal to the splenic flexure was evacuated, and in some cases even the 
rectum was not completely emptied. The content of the right part of 
the colon moved over to the descending colon to take the place of that 
which was evacuated. Schwarz’s -® observations were of a similar 
nature, except that he saw fecal masses go through almost the entire 
length of the colon and^'this movement was associated with contractions 
of that organ. By the introduction of stimulating enemas he demon- 
strated a similar proce and could by this method obtain evagination 
and invagination of th^haustra. He further demonstrated roentgeno- 
logically that prior to, and during, defecation there regularl}’ occurred 
coarse movements of the large intestine. These occurred typicallv 
cramps and were often associated with diarrhea. Schwarz attributed 
propagation of intestinal contents to the fine and coarse movements 
the large intestine and also to the increased intra-abdominal pressure 
In this connection it may be noted that Jonas,”* in 1912, found in ht- 
studies on achylia gastrica that diarrhea was associated with a h} ];>er- 
motility of the entire gastro-intestinal tract and not necessarih of the 
large bowel alone. Also, he noted that if the propuls’on of the content, - 
was abnormally fast in the small intestine, a normal stool could .stil! 
result, providing there was a delay in the passage through the di-tal 
portion of the colon. 

There probably is no distinct desire to empty the bowels until fece- 
have actually reached the rectum and produce distention there, as Howe!' 
has pointed out, and as Hertz and Newton, in 191.\ vere ab.e .o 
roentgenographically. The feces are retained by tonic contraction of 

91. Jonas, Siegfried: Ueber das Vcrlialtnis zwiwlien .Cuibibiid urvl D:-::- - ■ 
tilitat und die wechselnden Stublbilder dcr HyporacKi.tnt end c.er : 
AArdauungskr. 18:769, 1912. 
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internal sphincter until defecation begins, then the sphincter relaxes and 
masses are forced through the anal canal by the combined efforts of the 
rectal and abdominal muscles. In other words, it is normall}'^ both a 
voluntary and an involuntar}' action. The minimal pressure within the 
rectum found by Hertz to initiate a call to defecation was between 
3 and 4 mm. of mercur}'-, and the pressure within the rectum may 
become from four to eight times that much during the act as a result 
of the increased intra-abdominal pressure. The latter then caused more 
material to enter and to distend the rectum, and resulted in still stronger 
contractions of abdominal and rectal muscles as well as a corresponding 
relaxation of the internal sphincters. Severe pain may be produced by 
using extreme distention in the colon, as Frdhlich and Meyer have 
shown. The}' attributed this either to spasm of the circular musculature 
or to irritation of the peritoneal coat. Alvarez noted a tendency some- 
times in man to empty the rectum completely by a process of prolapse 
and eversion of the mucous membrane, and Starling stated that the last 
section of the rectum is emptied at the close of defecation by forcible 
contractions of the levator ani and other perineal muscles, contractions 
which serve to restore the everted mucous membrane. Luciani con- 
sidered peristaltic activity of the sigmoid and rectum as most essential 
in the act of defecation, although inhibition of tone of the internal 
sphincter, contractions of the levator ani and abdominal - compression 
by contractions of the diaphragm and abdominal musculature along with 
closure of the glottis are important factors. 

A spurious desire to move the bowels may be aroused by pressure 
from external sources on the walls of the rectum, such as from a large 
calculus of the bladder, prostatic tumor or fetal head in the pelvis. The 
same effect may be noticed from internal hemorrhoids, tumor of the 
rectum or an inflammatory disease present in that rc'gion. 

Defecation may be restrained by several muscles or combinations 
of muscles, such as the internal sphincter, the e,xternal sphincter, the 
levator ani and the voluntary muscles about the perineum, as Frankl- 
Hochwart and Frdhlich pointed out. 

There are other factors which influence or take part in the act of 
defecation, namely, centers in the brain and spinal cord. Hatcher and 
Weiss, in 1923, applied small doses (0.016 mg.) of picrotoxin to an 
area in the floor of the fourth ventricle close to the vomiting center 
and produced diarrhea almost immediately, and Luciani, in 1913, found 
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nrcap in tlic I)rain wliere stimulation affected the tonus of the sphincters. 
However, it is prohable, as Alvarez stated, that the most important 
centers for thc^ .'sphincters arc in the third and fourth sacral segments 
01 the cord. This was suhstantiated by GoItz,“= and also by Goltz and 
Ewaid s observations that immediately after destruction of the lumbar 
and sacral cord in dogs, the anus was rela.xed and gaping. Occasionally 
there was diarrhea, but this gradually cleared. In time defecation 
became normal and there was no atrophy of the sphincter, showing 
that the rectum and sphincters act by virtue of their own intrinsic 
mechanism, a faculty which Alvarez attributed to the high autonomy 
of the rectum, 

'\^'hen there is nothing to start the chain of reflexes which brings 
about defecation, such as loss of sensation in the rectum, it is then that 
the most severe disturbances are produced. Merzbacher,”" in 1902, 
demonstrated this b}' cutting the sensory roots of the three sacral 
nerves of the dog. The animals were not aware of an 3 ^thing in the 
rectum because of the anesthesia produced. The feces became dried 
out, no attempt was made by the animal to defecate, and it was only 
when a considerable amount of material collected in the rectum that it 
was pushed out passively. This is likewise true in human subjects, as 
noted b}' Balint and Benedict,®® in 1905 and 1906, who studied six cases 
of lesions of the conus terminalis and found that the patients were 
generally constipated in spite of relaxation of the anal ring and anes- 
thesia of the mucosa of the rectum. However, they could control the 
bowel movements fairly well. These observers made no roentgeno- 
graphic observations of the colon. McIntosh,®® in 1929, confirmed this 
in observing a child, aged 6 years, with a lesion of the spinal cord in 
the lumbosacral area. He found marked stasis of the colon ; it took a 
barium meal twelve days to reach the rectum and longer to be expelled. 

It took ten days for it to pass from the splenic flexure down so that 
most of the retardation was in the left portion of the colon. The tonus 
of the large bowel was apparently good, the haustra appeared normal, 
and there was no localized atony or dilatation. McIntosh agreed with 
other observers m that it seemed to him that the trouble was cliiefl^ 
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sensory impairment of the rectum and that tlierc was no excitant to 
initiate mass movements. Also, there was no sudden entry of a large 
amount of material into the rectum as there is when mass contractions 
take place. Peculiarly enough, it is the experience of neurologists that 
there is no definite relationship between the level of the situation of a 
tumor of the spinal cord and the degree of disturbance of sphincter 
function. 

The fact that most people perform the act of defecation in the 
morning soon after breakfast is generally ascribed to several factors. 
During the night the contents of the colon are gradually moved from 
the proximal to the pelvic and descending portions, and after being 
comparatively quiet the large bowel is stimulated to activity by the mus- 
cular exercise in moving about and by reflex contractions from putting 
food into the empty stomach. The chain of reflexes thus set up results 
in a call to defecation. 

Valves of the Rectum. — The function of the valves of the rectum 
has been studied by various investigators. Bodenhamer,^®® however, 
denies their existence as definite valves, claiming them to be merely 
semilunar ridges of mucous membrane. Pennington described them 
in detail and stated that they have definite functions, according to his 
experimental studies on both living and dead subjects. He found that 
the valves function to prevent feces from crowding down on the anus, 
that they equalize the pressure of the feces that accumulate in the rectum 
from time to time and that they facilitate defecation by giving a spiral 
motion to the content of the bowel. In support of his views, he cited 
the fact that man is the only animal possessing them and he is the only 
animal that defecates regularly. Irritants and foreign bodies cause them 
to become erect and present as a sort of ledge across the bowel, and in 
some cases they are directed upward, forming distinct cups or pockets, 
as demonstrated in plaster casts taken of them. In certain subjects 
they are enlarged, sometimes so much that they may interfere with 
normal defecation. 

Other Movements of the Colon. — A fifth variety of movement takes 
place in the colon, which is described ordinarily as a pendulum or large 
swinging type of motion, and has been observed chiefly during roent- 
genologic studies. These movements seem to be concerned especially 
with the aid of absorption and take place in the transverse colon. This 
portion of the colon assumes a totally different position, first being 
in a high and in a few minutes in a lower part of the abdomen. 
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i V,.'.'- riiltr.; l>y niul Ovcrciul, in 1916, by 

1\-'' '■< c" jy- < HnniciMin.’'’’ in 1926, wlio al?o noted 

r,:"vr nu n*'- in <iircct observations on tlie colon of the 
;::n:u a-yn:. v, Inel! they iluincbt wiTc produced mainly by the longi- 
tndund ;r.n'-<ir'.. In .Kidnion to the type of movement studied b}" tlie 
ai'l of tlu 7 i'rn;!:in ia\s. by alidominal windows and by direct obser- 
v.-.tii'T;, v.ib::d>](- eonj ribntiotis have Iteen made by the observation of 
b'.v.ii f wiM-d from tile large intestine. 

.M'.air,- eomnu-ntrd on the siiiggisiiness of tbe colon and exhibited 
mnnv ti.n-ijig'- to show tbe contractions of excised bits of its muscu- 


i.'itntc. wbirh icveal a very slow rate with jironoiinced tonus waves. 
bVom iivr diiTerent segments of tlie cecum tliere was little difference, 
tlie In-at'- ]^o'-M■<sing little rhytlimicity, as compared with that of the 
small b avd. Kolda.’'"* in r>2<). made similar observations on the large 
intestine of the c.at .'uid ohf.'iined six contractions, at tbe rate of six in 
five ininntes. and these were of a similar nature to Alvarez’s results. 
I'rnm the studies of .Mvarez and Starkweather, there appears to be a 
downward metnhnlic gradient (determined by the catalase content) from 
the tip to the base, of the cecum of rabbits and guinea-pigs. From the 
base the gradient i.s upward to the colon. They bring out a physiologic 
reason for this difference in that the cecum is a food reservoir which, 
in oriliT 10 retain its foments, contracts seldom and is not influenced by 
lia|.|.fnini;s in llic other parts of the gastro-intestinal tract. Cannon, 
in I 'in. -Itmvcd tliat nicclianical c.mcnsion teas the most efRcient 
stiinnlns (or c.tciting activity in the colon, just as it « 
oi snioolh muscle .such as that ot the sniall bond, ure . | 

Magnus,- in 1904, seems to have been firs. 'J' 

movements o( short length strips of ho.vel, tchtch has 
Magn...s method. Currie and Henderson used strips from the first pa 
ot tbe ascending colon ot the guinea-p.g and ^nd f"'*"' 
movements with a rale ot about thirty-e.ght each 
larger contractions which they thought were 
ol'be smaller ones. It. the transverse "L 

irregularly tvith long, slow ,jss {,eq„ent than those 

they obtained high tonus waves, bv 
of the transverse segment. 

H..- D.-e physiologisdie Dickdarnibewe.u„. beta Mensche. Forl- 

schr. a. d. Geb. d. Rontgenstrahlen j yiovements of tbe 
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Large Intestine of the Guinea A j.^^testin isole, Compt. 
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rend. Soc. de biol. 95:210, 1926. Dunndarm von Saugetliieren : 

105. M.c„»s, S.I Versueb, .allSisdwn D.»lie.vec.ne. 

II. Die Beziehungen des Darmnerve .y 

Arch. f. d. ges. Physiol. 102: 349 (Apn ) 
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Gross, Flint, «« Keith i®' and others noted the effect of a diet defi- 
cient in vitamins on the movements of the strips of colon of rats. 
Ordinarily, they beat with a rhythm of from two to three contractions 
each minute, but after deprivation of vitamin B, contractions were 
not elicited, and the result of this in vivo, they showed, was definite 
stasis in the intestinal tract. The latter was evidenced by dilatation of 
the ascending colon, by the filling of the descending colon with feces 
and the presence of an increased number of ileocecal glands. 

Reflexes Involving the Colonic Movements. — Many factors operate 
to aid in unifying and rendering the functions of the large intestine 
purposeful, and disturbance of or interference with any of these factors 
may lead to abnormal or ectopic movements. Just as with many other 
portions of the body, the colon is subject to reflexes, and although not 
many of these can be readily explained, yet a few have been studied 
thoroughly. Probably the most important of these is the gastrocolic 
or feeding reflex which has been described. Inflammatory lesions in 
the ileocecal region, such as appendicitis, may produce all grades of back 
pressure up to the vomiting of large amounts of fluids and likewise 
intestinal injury, such as cutting and handling of the bowel, will delay 
the emptying time of the stomach.^’- This no doubt is a protective 
mechanism for the purpose of holding back food until the bowel becomes 
healed. Many investigators have shown that distention of the colon 
delays emptying of the stomach. White produced intense irritation 
of the cecum of cats with mustard and olive oil, and also with croton 
oil, and obtained definite delay in the emptying of the stomach and 
even in vomiting. However, with a moderate or even a marked degree of 
irritation there was usually no effect. Smith and Miller^®® obtained 
increases in tonus as well as in peristaltic activity of the stomach and 
pylorus by irritation of the cecum or appendix with croton oil. Pearcy 
and Van Liere “® distended the colons of dogs and found that during 
vigorous hunger contractions of the stomach the contractions ceased 
and complete inhibition took place. If the distention was continued, it 
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c;nii-eci nauK'.-i. snlivntion aiui vomiting. Smith, Paul and Fowler^” 
noted inriTase.*^ in activity of tlic stomach and especially of the pylorus 
wlnm tiu-y injected air into the large intestine or massaged the cecum of 
J'aticnt.s with an irritable colon. They thus showed the presence of a 
dellnite rerte.v involving the colon and stomach. King has shown 
that .ctinuiiation of the colon caused inhibition of the motor, secretory 
and ah.'^orinivc functions of the small bowel. Pearcy and Van Liere 
also ol)tained cardiovascular respiratory reflexes from distention of the 
colon consisting of what appeared to be auricular extrasystoles and 
auricular flutter. Blood pressure also rose from 30 to 60 mm. of mer- 
cury and in some cases in man, from 20 to 25 mm. of mercury, 
remaining elevated as long as nine hours, and the subjects complained 
of flushed skdn and free perspiration. In dogs ’ they obtained an 
increased volume of the kidney and increased tonicity of the bladder. 

More recently, Monroe and Emer}’,”^ after determining normal 
values, studied the empt 3 -ing time of the stomach following irritation 
of the colon b}* turpentine, and their results indicated that the emptying 
time of the stomach was not especially influenced by irritation of the 
colon. However, there was no involvement of the peritoneum in their 
experiments, so it is possible that the difference in results of other 
investigators may have been due to this. 

In a dift'erent tvpe of experiments, in which the conditions were 
reversed. Surmont, Dubus and Tiberghien applied stimuli to the pre- 
pyloric and duodenal regions of dogs and cats and noted the effect on 
the colon. In some cases no reaction whatever could be elicited on the 
large intestine, but in many of them contraction waves were recorded 
in the colon within one minute of the time of stimulation in the upper 
part of the inte.stinal tract. This, they explained, was due to a reflex 
and not to a peristaltic wave passing downward, because there was not 
enough time for this to take place. They thought it might be related 
to the gastrocolic reflex. Lyman, in 1913, in confirming Cannon’s “ 
view that the proximal part of the colon becomes quiet and relaxed as 
food nears the ileocecal valve, observed cats anesthetized with ethyl 
carbamate and then injected a mixture of starch and paste into the ileum 
near the valve. He noted that the colon a moment before was in tonic 
contraction, but as the material passed through the valve, the large 
intestine became motionless and relaxed, and as soon as the process was 
finished waves reappeared in the colon. He concluded that the mecha- 
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nism was a local one because he could obtain it in the absence of nervous 
connections to the spinal cord, and that it was an example of reciprocal 
innervation of opposed muscles. 

Drury, Florey and Florey, in 1929, exteriorized a small segment 
of colon and demonstrated that when the dog was frightened and when 
local stimulation was applied this patch would turn pale, even when it 
was denervated, but it would not necessarily do so during mass move- 
ments. Even with movements in the portion, pallot was not observed. 
They do not explain the nature of the phenomena. White increased the 
tonus of the colon and, in this way, stimulated peristalsis by vigorous 
massage of the contents of the large intestine under the fluoroscopic 
screen. Incidentally, he was unable to move fecal matter by such mas- 
sage. The value of exercise in the correction of constipation no doubt can 
be explained on the basis of the massaging action of the abdominal mus- 
culature on the intestinal tract, as noted by Soper.^^^ The effect of 
exercise on the behavior of the colon has been reviewed in detail and 
studied extensively in some researches of their own by DeYoung, Rice 
and Steinhaus.^^® By inserting single balloons into a cecostomy opening 
in the colon of the dog, with the animal On a treadmill, they obtained 
rises in the motility and tonus of this organ. This increased activity 
was not coexistent with the period of exercise but started from one to 
three minutes later and receded in a few minutes, regardless of the 
duration of the exercise. They attempted to trace the origin and nature 
of this rise from exercise by sectioning the colon near the ileocecal 
valve in some instances, and in others near the anus. With the balloon 
between the two “cuts,” no “exercise” response could be elicited, but 
above and below the two cuts, typical results were obtained. From this 
they deducted that there is a second parasympathetic inflow to the colon, 
probably vagal, coming in at the proximal end of the large intestine, 
and movements are stimulated by an unusual outflow of impulses during 
exercise. (The sympathetic nerves Avere intact in these experiments.) 
DeYoung, Rice and Steinhaus consider these rises in tonus and motility 
with exercise as similar in nature to the “mass movements” seen in man. 
Other factors which stimulate movements of the colon are the presence 
of formed fecal material in the rectosigmoid, gradual intermittent dila- 
tation of the anal canal, the presence of food in the stomach and the 
act of defecation. 
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.Color Irsls of F,n,rtio„.~M present tlierc arc no known tests by 
v.iiicli tlie estnnalion of the function of tlie colon may be determined 
v.'itli any de.cree. of accuracy. It i.s true tliat by rocnt^enoscopic and 
otlier means the time re(|uired to emjJty the contents of the colon has 
been observed rejieatedly. and some idea of the normal function of the 
larite intestine can be obtained by lhe.se jnethods; yet individual varia- 
tions are so .cn‘at and so many factors, both extrinsic and intrinsic, exert 
I heir influence that these methods do not always seem to be reliable. 
llerl:?.'’ in his observations, felt that the time required for a meal to be 


evacuated from the ijastro-intestinal tract was about from thirty-three 
to forty-eii^bt hours. He also found that the meal should reach the 
splenic fle.xure in about twenty-four hours, and this, in general, is the 
o]'ininn of most rnentgenoIogist.s. Kretschmer believed the type of 
fond itself to be a jwitent factor in the rate of passage through the 
intestinal tract ; in general, coarse food progressed farther. The dif- 
ference, he thought, was mostly in the small intestine and upper portion 
of the colon. Likewise, Eurnett stated that a badly proportioned 
dietary regimen was responsible for many disturbances in intestinal 
function, and the literature is replete with suggestions of this type. 
Llliott and Barcl.ny-Smith, Schwarz, Carter,”® Burnett and others have 
shown that there is a mixing of colonic contents, mostly in the right 
colon. so that some of the fecal material may stay in the bowel as long 
as from three to five days, whereas some is voided the same day it is 
taken. This has been determined especially by the use of various colored 
beads, and Alvarez has shown that it may often be longer than this 
before a meal completely traverses the intestinal tract. By giving dif- 
ferent colored small glass beads on three successive days, he found that 
most of his normal subjects passed only 75 per cent of the beads in 
about four days and after this it often was weeks before all were passed. 
After catharsis, the rate of passage was greatly increased and, following 
that, stool was not passed for a day or two, again emphasizing Alvarez’s 
contention that after thorough defecation bowel movement should not 
be expected for a time because the gastro-intestinal tract is empty, 
rather than because of any astringent or constipating action by the drug. 
Naturally, the rates of emptying of the colon vary considerably; sub- 
jects with fast rates usually have soft, frothy and voluminous stools, 
possibl}' due to faulty digestion and absorption, and it maj be that those 
with slower rates with well formed small stools show better digestion- 
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rujictioH of the Appendices Epiploicae . — One of the characteristic 
findings by which the large intestine may be distinguished from the 
small intestine is the presence of the ai^pendices epiploicae. They occur 
as small pouches of peritoneum in two rows, their line of origin being 
quite close to the anterior and posterior inferior longitudinal muscle 
bands, and extend from the cecum to the rectosigmoid juncture. No 
definite evidence of their true function is available, although many 
speculations have been made. J. Mayo thought that they were 
capable of a wiping motion similar to the swaying movement of the 
small bowel, which aided in the defensive forces of the abdomen. 
Robinson was of the opinion that they were concerned with move- 
ments of fluids in the colon, thus aiding absorption, but Harrigan 
denied this, stating that their structure was simple and that they pre- 
sented no evidence of a specialized function. It is Rankin’s belief 
that there is no doubt as to their being a part of the defensive mechanism, 
whether they move or not, because they so often are found sealed to a 
pathologic process, such as gangrenous appendicitis or diverticulitis. 
That these epiploic tags may get into mischief is evident from a series 
of observations by Hunt,^-^ who descidbed torsion of them with serious 
results. 

ABSORPTIVE AND EXCRETORY FUNCTIONS OF THE COLON 

Although it is true that disintegration, digestion and absorption of 
various foods tal<e place in different parts of the intestine, according 
to the nature of the aliment, yet there is divergence of opinion regarding 
the types of material and the mechanism by which absorption takes 
I)lace in the colon. The anatomy of the colon has been widely studied, 
with reference to its physiology. Starling, in 1926, pointed out that great 
differences exist in the structure of the colon in different animals, dif- 
ferences which depend not on the zoologic position of the animal but 
on the nature of its food. The colon of the carnivora is short and 
narrow with little if any cecum, and it has a relatively unimportant 
function to discharge in digestion and absorption. Proteins of meat are 
practically entirely absorbed by the time food reaches the ileocecal valve 
and the same applies to fats, so that only a small amount of these 
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The chief function of the colon of carnivora is that of excre- 
tion. ’I'hc colon of the herI)ivora is well developed, with sacculated 
walls, and tlie cecum is very large. This is necessary because their 
nutritious matter is enclosed in cells surrounded by cellulose walls, and 
tiiese must l)e disintegrated so that absorption can take place, which is 
accom]-*lished eitlier hy bacteria or I)y ferments in the vegetable cells 
themselves. In the horse, it seems there is a digestive fluid from the 
cecum which acts on foodstuffs, cither in vitro or in vivo. In the 
cccum, under the action of many bacteria, cellulose is dissolved and 
cells arc opened up to allow the contents to escape. 

The colon of man is a compromise between the herbivorous and the 
carnivorous tyjx;. Draper claimed that, with reference to the colon, 
iiuman beings arc dogs at birth because of the poorly developed right 
iialf of the colon: he further stated that the left half of the colon is 
of extreme age, of constant and important function and of fixed mor- 
phology, compared to the right half. He looks on the persistence of the 
right segment of the colon of man as the dominance of the experimental 
lengthening b}' tlic herbivora, and considers it ill adapted to man’s needs. 
In support of this he studied the gross form of a number of normal 
colons and found many variations in size, position and appearance of the 
right side of the large bowel, as contrasted with the absence of variation 
on the left side. Even racially there are differences in the length of the 
colon, as IMiloslavich has shown, which depend on changes in environ- 
ment, food, mode of living and climatic and social conditions. As far 
back as 1835, Schultz,'=‘ and in 1849, Bruckner,'^* commented on the 
storage capacity of the cecum and its possible function in digestion, and 
Keith, W. J. Mayo and others have brought out the fact that the large 
intestine really begins near the splenic flexure, the right portion, espe- 
ciallv the cecum, being more nearly like a second stomach. The right 
half of the colon simulates that portion of the small bowel with which 
it derives a common origin. Draper claimed that absorption of water 
is the earliest known function of the right half of the colon. He also 
pointed out that the stomach and colon have a common function, storage 
and churning. In the stomach this serves to blend the water with the 
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ingesta and in the colon to remove it. Neither stomach nor colon aids 
materially in digestion and each can be dispensed with. Many observers 
have emphasized the water-absorbing function of the colon, stating that 
this takes place in the cecum between the ileocecal apparatus and the 
cecocolic sphincter, a physiologic muscular contracture near the hepatic 
flexure, further aided by the high attachment of the splenic angle so 
that fluids all tend to gravitate toward the right portion. If fluids went 
beyond this point, they would interfere with the storage function of 
the colon. W. J. Mayo summarized this by saying, “Man eats with his 
jejunum and ileum, and drinks with his cecum. He prepares his food 
with organs originating from the foregut and absorbs his nutrition from 
those derived from the niidgut.” In the small bowel, water is absorbed 
in large quantities but its loss is made good by diffusion or secretion of 
fluid in the intestine, since contents of the bowel at the ileocecal valve 
are quite as fluid as at the pylorus. In the colon, absorption of water 
is not compensated by a secretion, according to Howell. Hay stated 
that absorption in the colon is slower than in the small bowel because 
of the very nature of the mucosa of the two portions, and also because 
of the mucus secreted in the large intestine which tends to inhibit 
absorption. 

Regarding absorption of other substances, such as drugs, there is 
more question. Goldschmidt and Dayton,^®^ and Goldschmidt and 
Binger,^®- using various salts, made extensive studies on the mechanism 
of absorption from the colon. Using dogs, anesthetized with ether or 
paraldehyde, they ligated the lower part of the ileum, placed a tube in 
the cecum and washed through to the anus. They found that distilled 
water was readily absorbed and that it did not injure the mucosa. They 
also noted that the colon did not have a one-sided permeability, because 
sodium chloride passed in or out of the colon, depending on the usual 

130. Hay, M. : The Action of Saline Cathartics, J. Anat. & Physiol. 16:243, 
391 and 568, 1881-1882; 17:62, 222 and 405, 1883; On the Use of Concentrated 
Solutions of Saline Cathartics in Dropsy, Lancet 1:678 (April 21) 1883. 

131. Goldschmidt, Samuel, and Daj'ton, A. B. ; Studies in the Mechanism of 
Absorption from the Intestine; I. The Colon; A Contribution to the One-Sided 
Permeability of the Intestinal Wall to Chlorides, Am. J. Physiol. 48:419 (May) 
1919; II. The Colon; On the Passage of Fluid in Two Directions Through the 
Intestinal Wall, ibid. 48:433 (May) 1919; III. The Colon; The Osmotic Pressure 
Equilibrium Between the Intestinal Contents and the Blood, ibid. 48:440 (Alay) 
1919; IV. The Colon; The Behavior of Sodium and Magnesium Sulphate Solu- 
tions, ibid. 48:450 (May) 1919; V. The Colon; The Effect of Sodium Sulphate 
upon the Absorption of Sodium Chloride when the Salts are Introduced Simul- 
taneously into the Intestine, ibid. 48:459 (Ma 3 ‘) 1919. 

132. Goldschmidt, Samuel and Binger, Carl; Studies in the Mechanism of 
Absorption from the Intestine: VI. The Colon; The Influence of Calcium Salts 
upon the Absorption of Sodium Chloride in the Intestine, Am. J. Phj’siol. 48.473 
(May) 1919. 



37 


LARSON-BARGEK—PHA'SIOLOGY of colon 

law- of osmosis and the level of sodium chloride in the blood This 
differed somewhat from Diena's point of view, who maintained that 
the quantity of such substances passing into the intestines is not related 
to the osmotic pressure of the liquid introduced. Goldschmidt and 
Dayton and Goldschmidt and Binger also found that the colon behaves 
toward a solution of sodium sulphate like a semipenneable inemlirane. 
but with magnesium sulphate there was almost no absorption into the 
blood stream, and the failure of absorption of this substance they regard 
as of significance in catharsis. 

The question of absorption of dextrose from the colon has been 
dealt with extensively by IMcNealy and \\'illems.^^^ They reviewed the 
literature carefully, and their experimental work added valuable knowl- 
edge to this subject. With fasting dogs under hypnosis by barbital, they 
isolated the colon by ligatures at the ileocecum and rectum, and likewise 
a segment of the lower part of the ileum, about 50 per cent longer, to 
give about the same absorbing surfaces. They found marked constancv 
in the absorbing action of the colon, but much variation in that of the 
ileum ; this was checked b}' determination of blood sugar, taken not from 
the peripheral blood as it was b}' former investigators, but from the 
vessels draining the loop of bowel in which the dextrose had been 
placed. The}' found no rise in blood sugar in the blood taken from the 
loop of colon, but a marked rise in that taken from the ileum. With 
tap water, they found they could recover 78.6 per cent from the loop 
of ileum and 57.3 per cent from the loop of colon in an hour, and with, 
physiologic solution of sodium chloride. 62.6 and 52 per cent, rc.=pec- 
tively, was recovered. McNealy and Willems’ conclusions were that 
there was no appreciable absorption of 5 per cent dextrose from the 
colon, whereas there was considerable absorption from the ileum. T.'ip 
water and physiologic solution of sodium chloride were absorbed rapidly 
by both ileum and colon. The fate of a dextrose enema, according to 
them, is as follows : It may stay in situ indefinitely : it may be cxi)el!ed ; 
its character may be changed by bacterial or other action, absoriif.ou 
may take place, or it may pass into the small bowel. The latter is mo't 
likely, according to them, and the success of this type of enema is dm; 
to such a process, with consequent absorption in the ileum. In smr.e 
further studies the same investigators found that the presence of 0.45 
per cent sodium chloride in a 2.5 per cent solution of de.\tro>e ' 
physiologic solution of sodium chloride) favored absorption of the dex- 
trose to a certain degree. With the use of sodium bic.iriion.ne 
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alcohol in a similar manner, they noted no influence on absorption of 
dextrose. There seems to be no doubt that fluids introduced by rectum 
are carried as far as the cecum. Whether this is by a reversal of peri- 
stalsis or by more mechanical pressure is debatable. Starling, in a study 
of a patient with a cecal fistula, calculated that 500 cc. of water passes 
the ileocecal valve in twenty-four hours, and about 400 cc. of this is 
absorbed, so he feels that the colon of man is of little significance as 
an organ of absorption. 

A number of drugs have been studied from the standpoint of their 
absorption when given rectally. Hatcher and Wilbert, Menninger 
and Heim,^®® Lesne, Hoskins,^®" Muirhead, and Barbour and Rappaport 
found epinephrine to be absorbed from the colon and to give the usual 
physiologic effect. However, Menninger and Heim found that giving 
the drug this way is unreliable, producing little if any effect in about 
half of the cases, but that whatever effect there is persists longer, hence 
it should be of advantage when long effect and repeated doses are 
required, as in Addison’s disease. Le\y gave digitalis rectally and 
found it taken into venous circulation chiefly by way of the mesenteric 
and portal systems. By a similar method, he gave sodium iodide, and 
by roentgenogfaphic methods found it to be absorbed from the lower 
portion of the sigmoid ; with bromides, a similar result occurred. It is 
commonly known that ether and other anesthetic agents are readily 
absorbable by rectum and produce narcosis. 

Urine, without doubt, can be absorbed from the colon, and in birds 
and certain lower mammals this is probably at times a normal condi- 
tion, because of the presence of the cloaca which acts as a common 
receptacle for ejection of both urine and feces. Baird, Scott and 
Spencer showed that the entire output of urine cannot he drained 
into the upper part of the intestinal tract of a dog, as its absorption 
gives toxic symptoms that cause death in from seven to twelve days. 
Likewise, Cecil and Cummings,^®® after studjdng a case in which implan- 
tation of the ureters was made low in the colon, felt that prolonged 
absorption of these products occasional!}' produced a picture resembling 
chronic nephritis. However, at present, surgeons do not hesitate to 
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inijilant ureters into the colon, and the^^ regard any dire results from 
absorption as unlikely. 

Absorption of organic substances in the colon takes place to a much 
less marked degree than that of inorganic substances and is of con- 
siderable significance from the standpoint of the value of nutritional 
enemas as well as in the mechanism of digestion and absorption. 

In spite of all the experiments made during the last few years, 
authors do not agree regarding digestion and absorption of nutritive 
matter by the colon. It occurs, of course, to a much larger extent in 
the ileum, as Reid has shown, but studies on the large intestine are 
not so conclusive. j\Iaestrini made colonic stomas at different levels 
in the colon of the rabbit and found that the total nitrogen occurred 
in largest amount in the first portion of the colon and diminished 
toward the middle of the transverse portion, and from that point to 
the rectum remained more or less constant. The maximal amount of 
soluble nitrogen was found in the ascending colon, and fats showed 
considerable diminution as far as the transverse colon, so that Maestrini 
claimed that in the rabbit nitrogenous compounds and fats at least are 
absorbed in the proximal portion of the colon. Reach found absorp- 
tion of gelatin was much greater from the large intestine when physi- 
ologic solution of sodium chloride was added, and Bernheiin 
commented on the apparent value of the nutritive enema by citing cases in 
which nourishment was given exclusively for as long as ten months by 
rectum. Eberhard stated that 300 cc. of milk and two eggs could 
be absorbed b}' rectum in from one to two hours, and Mutch and 
Ryffel found that 88 per cent of the nitrogen of peptonized milk 
could be utilized when given by rectum. The latter authors advised 
against the procedure, stating that toxic materials could be produced 
and absorbed in this manner, and recommended that only dextrose or 
saline solutions be given this way. Scheel noted that milk and eggs 
irritated the rectum and were not absorbed, so came to conclusions 
similar to those of Mutch and Ryffel. Begtrup tried meat and milk 
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amino-acids, along with sugar solutions, and stated there was a definite 
inciease in eliniination of nitrogen, so that no doubt some nitrogen was 
absorbed. In general, Cornwall obtained similar results and recom- 
mended nutrient enemas of amino-acids with dextrose and other fluids 
to maintain nitrogen balance in cases in which food cannot be given b}^ 
mouth. 

Carnot and Bondouy studied the content of the colon of a man 
through a cecostomy opening and found that carbohydrates pass rapidly 
into the cecum in which, for the most part, they are absorbed. The 
presence of starch in the cecum was noted from three to six hours after 
ingestion, and this also was soon absorbed. Egg albumin was found 
at the cecum in the form of albumin and aibumose, but this gradually 
disappeared and albumin, aibumose or peptone was not seen in the 
stool, indicating that some absorption took place. 

In this connection, Howell showed that the splitting of the protein 
molecule is completed by the process of putrefaction, and the list of 
end-products is long: peptones, proteoses, ammonia and amino-acids; 
also indol, skatol, phenol, phenylpropionic acid, phenylacetic acid, fatty 
acids, carbon dioxide, hydrogen sulphide and marsh gas. Phenol, indol 
and skatol, he stated, are absorbed and excreted in the urine. However, 
from Carnot’s and Bondou3'’s stud}' on the absorption of fats in the 
colon, they could come to no definite conclusions. They found neither 
biliary pigment nor bile salts at the cecum, although urobilin was 
present. Aldor found that fats were slower to absorb when given by 
rectum than either carbohydrates or albumins. However, it seems that 
the main difficulty in dealing with nutrient enemas, according to Good- 
man,^““ is that a nitrogen balance cannot be maintained by their use 
alone, due to inability of the colon to absorb or to render absorbable 
nitrogen-containing compounds in the enemas. From Howell’s observa- 
tion it seems that considerable digestion may take place in the colon, 
as dogs with from 80 to 83 per cent of the small bowel removed seemed 
to get .along quite well unless excess roughage or fat was given in their 
diet. Starling, however, stated that little if any absorption of egg 
albumin or caseinogen solution takes place by rectum. In his experi- 
ments, a small amount disappeared in a considerable time, and he 
considered this due to bacterial action. He concluded that feeding by 
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mitncnt enemas is of no value and should be limited to saline solutions, 
water and dextrose. 

E.xci ctioii. That tlie physiolog}' of the colon includes more than 
that of absorption and expulsion is evident from the numerous studies 
which Iiave been made on its function as an excretory organ. Voit,'“ 
as far back as 1860, noted that in fasting dogs the amount of fecal 
material often exceeded the amount of food eaten, and since then 
many authors have noted that the excretion products of the intestinal 
mucosa take part in the formation of the fecal material. Peola 
stated that in many instances the greatest quantity of feces is not made 
up of alimentary products, but of those of excretion from the intestine, 
and especially from the large bowel, although Voit stated that most 
of this excretion is confined to the small intestine. Voit further con- 
tended that almost all of the nitrogen content of the feces comes from 
intestinal secretions. Starling regarded the colon of carnivora chiefly 
as an excretory organ, since it played an important part in the 
elimination of calcium, magnesium, iron and phosphates, and he also 
mentioned that ulceration found in the large bowel following poisoning 
by mercury may be due to excretion of this drug by this route. 

In his work on dogs. Draper found that the right portion was 
relatively inactive as compared with the left portion in the excretion of 
various drugs and toxins. He noted that in poisoning by pilocarpine 
or diphtheria the mucosa of the proximal portion of the colon was bright 
scarlet, whereas that of the left portion remained normal. In 1929, 
Underhill, Peterman and Steel, studying the fate of aluminum intra- 
venously injected, found widespread elimination of the metal ihrougli 
the stomach and the small and large bowel. Bargen, Osterberg and 
Mann,^®® using dogs with colons isolated as previously described, c.vcepf 
opening onl}' at the cecal portion, studied the excretion of some of the 
heavy metals. They found that arsenic in the form of neoarsphenaminc 
or meta-amino-para-oxyphen 3 d-arsenic acid, and mercur}’, merciiro- 
chrome and metaphen were excreted not at all or ver\' little through 
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the colon. Bismuth, they noted, whether given by mouth or intramuscu- 
larly, was eliminated through the large intestine. Peola commented on 
the serious inflammation of the intestinal mucosa and especially of the 
colon in uremia, and stated that toxic materials are probably eliminated 
by this route. He quoted a number of observers whose experiments 
show that under pathologic conditions, such as that in which the kidneys 
are impaired, urea, salts and medicinal' substances may pass through 
the- intestines. Renon and Rickets®® found that sugar could be elimi- 
nated in the intestine in diabetes, so much so as to cause diarrhea at 
times. No doubt this may account for some of the attacks of diarrhea 
experienced by diabetic patients. Peola, in acute experiments, using 
isolated loops of colon, injected methylene blue (methylthionine chloride, 
U. S. P.) intravenously and found it to be excreted partly by the kidney 
and partly through the colon. After ligating segments of both small 
and large bowel in the cat, Taylor and Fine found only a small 
amount of calcium was excreted through either of these portions of the 
bowel, most of it coming through the kidneys. 

Ileocecal Valve. — study of the physiology of the colon would not 
be complete without mention of the ileocecal valve or sphincter, and 
some of its functions. A comprehensive review of the literature will 
not be attempted, but merely a record of outstanding factors influencing 
or influenced by the large intestine. The importance of this sphincter 
is evidenced from the fact that certain observers have stated its proper 
function is just as essential to intestinal absorption as in the pylorus, 
and the former makes possible absorption of 95 per cent of the food 
before the cecum is reached. Alvarez quoted Rutherford and others 
as having observed in patients with cecal fistulas swaying movements 
associated with the to-and-fro contractions of the terminal portion of 
the ileum. About 4 cc. of .semifluid feces came out of this sphincter 
in a jet every few moments ; the lumen was enlarged and the circular 
fibers were relaxed. Viault and Jolyet regard this act of the passage 
of excreta from the small into the large intestine as “internal defeca- 
tion.” Normally, this sphincter varied in tautness from the condition 
observed by Rutherford in which even a no. 12 French catheter could 
not be passed, to that observed by Short, in which he could easily insert 
his finger during relaxation. Macerven was the first observer to be 
impressed with the sudden increase in activity of this sphincter after 
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the taking of food, which Cannon^* has shown initiates movements in 
the cecum and ascending colon. Hertz and Newton also saw that 
filling of the proximal portion of the large intestine generally took 
place passively and quite slowly, and in this manner, at times, con- 
siderable pressure was exerted when the chyme was forced through 
the sphincter. Berlatzky and Hertz « noted great increase in the rate 
of passage of contents of the ileum into the colon with the taking of 
food. 

Ilcocccal Sphmclcr.—M.\^r&z observed that the function of this 
structure is to prevent the reflux of foul bacteria-laden contents of the 
colon, when absorption is slight, into the ileum where absorption is 
good, and to prevent too rapid passage of feces through the last seg- 
ment of the small bowel. In event of the latter, no doubt diarrhea 
would often occur and symptoms of true auto-intoxication, whatever 
they may be, might be expected. As mentioned, the ileocecal sphincter 
is subject to reflexes such as the gastro-ileac or feeding reflex. inric 
sen and Ivy found that stimulation of the pyloric sphincter resulted 
in contraction of the ileocecal structure; likewise, distention of the 
stomach, duodenum, ileum or colon resulted in a simi ar action. n a 
large series of experiments they found that this sphincter ^ay contrac 
thrLgh either extrinsic or intrinsic mechanism. They both motor 
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Fig. 19 (path. no. 46954, case of Dr. Eisenberg and Dr. M^allerstein). — l^Ialig- 
nant paraganglioma of the suprarenal gland metastasizing to the gums, skeleton 
and visceral organs in a white woman, aged 55. The photomicrograph shows tlie 
large preganglionic cells and smaller neuroblasts among the more moderate-sized 
chromaffin cells of the paraganglionic type. 


At autopsy three distinct tumor masses were found. An cnonnous mass \\:is 
found in the lumbar region. Another elongated mass 1 inch in length which had 
the appearance and feeling of firm butter was found at the level of the second 
dorsal vertebra. The third mass was anterior to the second cervical vertebra and 
was similar in appearance to the second growth. The large lumbar mass was soft 
and fluctuant. The body of the second lumbar vertebra was entirely rcsorbed. 
The suprarenal glands were normal on gross examination. Xo other tumor ma‘--e-« 
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were found. All tlic viscora aiUH-arcd uorinal. 'J’lic tumor was cout|)osr(l of c])!- 
thclial masses surrounded by a loose and delicate strom.a. M:my of the nuclei 
were large and had the appearance of tho.se of a malignant tumor. At the margins 
the tumor resembled a typical tumor of the carotid body. In other parts of the 
section many small spindle cells with dense nuclei, such :is occur in ;i neuro- 
blastoma, were found. 

Pathologv. — Paratrtinglioni.'i.s of the .siiprtirciial gland rarely atUiin 
large size. The small tumors are solid; the larger, more often cystic 
and hemorrhagic. They are usually definitely eticapsulated, yellowish 
and mottled red. The smaller tumors are surrounded by a rim of com- 
pressed suprarenal cortex. 

These tumors have an alveolar structure, hut the cell grouping is 
more regular than that of the tumors of the carotid body (fig. 2). The 
cells vary markedly in size, the ctiboidal and polyhedral forms of moder- 
ate size predominating. In paragangliomas of . the suprarenal gland 
there is a tendency toward syncytial formation. In the malignant form.s 
giant, atypical ganglion and large spindle cells are found. Malignant 
paragangliomas are remarkable because of the size and variety of the 
giant cells. Eisenberg and Wallerstein have said that the greatest imagi- 
nable irregularit}' in the size and shape of the cells and nuclei is the 
most striking histologic feature. 

The epithelial cells, when freshly stained with chrome salts or when 
fixed in Zenker’s solution, show pigmented granules. After prolonged 
fixation in formaldehyde the cytoplasm will stain deeply with hematoxy- 
lin, a characteristic also of the cells of the normal medulla of the supra- 
renal gland. 

ARGENTAFFIN TUMORS OR PARAGANGLIOMAS OF THE GASTRO- 
INTESTINAL TRACT 

In 1910, Huebschamin, after studying a group of small and slowly 
growing tumors of the appendix and intestine, came to the conclusion 
that the growths developed from cells belonging to the chromaffin sys- 
tem. Oberndorfer had before separated these tumors from appendical 
carcinoma and had given them the name caixinoid. The work of Masson 
supported the contention of Huebschamm as to the chromaffin origin 
of these tumors. These tumors are now regarded as paragangliomas. 

These tumors occur twice as frequentl)- in the appendix as in the 
small intestine, and are relatively rare in the large bowel. Over three 
hundred cases of this tumor of the appendix have been reported. Over 
ouc hundred have occurred in the small intestine, and cases of these 
tumors in the stomach, large bowel and rectum have been recorded. 
Kaiford recently reported twenty-nine cases from the Surgical Patho- 
logical Laboratory of Johns Hopkins Hospital. At the time this paper 
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was written this miinl)cr had increased to thirh’-five. Twcnt3"-two of 
tile tumors iiave occurred in the ap|)endix, ten in the small intestine, 
two in the lartte liowel and one in the stomach. 

.As in other parai,uui^diomas, the tumors of the gastro-intcstinal tract 
occur usually in adults. The extreme ages in our scries are 12 and 66 
years. Symiiloms ajiiiear earlier when the appendix is involved and the 
average age is less than when the tumor develops in the intestine. The 
svmptoms of aiipendical carcinoids arc suggestive of ' appendicitis, and 
not infreciuently when an operation is performed for appendicitis a 
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About 20 per cent fonniug in the lymph » 

our series were malignant, metasta j,, the 

the mesentery, in the glands about < Argentaffin tumors ot 

of the appendix. 




Fig. 21 (path. no. 48429). — Argentaffin tumor (carcinoid) involving the cecum 
in a woman, aged 46, with abdominal symptoms of two weeks’ duration. The 
photomicrograph shows the islands of epithelial-like structures typical of all the 
benign paragangliomas. Among these islands and toward the lower portion of the 
pictures groups of small deeply staining cells arranged in rosettes are seen. The 
cycle of growth illustrated is from the small neuroblastic tissue to the larger 
masses of cells of a chromaffin nature. Metastases were present in the regional 
mesenteric nodes. The patient has remained well for three years following- 
resection. 


The prognosis of paragangliomas of the intestine is good. Four of 
eight patients in whom the lymph nodes were affected have remained 
well. In the fatal cases metastases have formed in the liver. 

Paraganglioma of the Cecum leith Involvement of Lymph Rhodes. — History . — 
A. B., a white woman, aged 46, was admitted to the hospital on Oct. 20, 1930, 
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i’litii. 

No. 

Sf.v At; 

<■ .'^Ite 

Iiun.do,, 

Jlctastn.ocs 






Stomiieli 



■M 

•*.*1 

Sl(iiiiiir)i 

JO liios 

I’likii.' lUt licks at Indltiostloj) 
Willi iiiiiisvti mil} vomltlnw 

temliTIIc.'.N; liilKirolomr; 

Inoiiernlile 

Liver, lyinpli 
elands 





.Smiil) Intcrlhie 


■I V. 

A! 

•i; 

llviiiii 

IS luor. 

Jfiimii/deni iilitiominal 
pnln.s IntesUniil oltfiriic- 
lloii; resection, 5 ft. 
of tlciini 

.Mesenteric gland 



•Cl 

Iliiodemiii; 

1 0 wks. 

I’nin in iitiilonien, voinlt- 
Itiu: f.\-c}sIon of .«nini/ 

None 






tumor nodule 


liK'-n:, 

j' 

•i.-i 

.li'jliniilii 


Itcscctloii, 3 cm. of smiill 
Inte.'ttinc 

Aortic glands 






M 

TiT 

Ileimi 


Jtc.spiriitorj' .eymptom.s; 

Liver, regional 






0-1 roi! 





lUitopsy 

glands 

r 

.11 

Jlciiiii 

2 (tiiys 

Acuta iitiln, niiiiFcii and 
vomltinfr; aiiiicndeelomy 

None 


il- 

M 

(■.■2 

lioiim 

0 w hs. 

Pain in ritrlit liip and tliicli 
following iitiimltcil iructiirc 
of neck of fonnir; autopsy 

None 


a- 07:',i> 

M 

GO 

dejiimim 

' 1 .vr. 

Gastric olisirnetion, loss 
of welfilit; exploratory 

None 






Jafinrotomy; InopcraMe 


G- -im 

r 

CO 

I/enm 

T wks. 

Tenderness, tttnljillea! Iicrnia; 

None 






rapid irrowth; c.vploratory 
Joparotomy 


G- Dssn 


GO 

Ileum 

2 wk.s. 

Py.'pnen and cardiac de- 
compensation; autopsy 

None 

SOTG 

n 

5.” 

Ileum 


.Symptoms of acute lolair 
fmciimonlii; autopsy 

None 


Appendix 


■lIKOi 

F 

26 

Appendl.v 

32 hrs. 

Acute gastric distress, 
yojniting; api)cndcctoni.v 
performed 

None 


40m 

F 

23 

Appendi.x 

G mos. 

Symptoni.s of appendicitis 

None 

4S?,4i 

F 

62 

Appendl.v 

5 mos. 

Abdominal pressure and dis- 
tress: both tubes and ovaries 
removed for pajilliar.v 
adenocarcinoma: routine 
appendectomy 

None 

4812C 

M 


Appendl.v 


Abdominal distress; appen- 

None 

GO 


dcctomy 

Abdominal symptoms; 

Liver, me.'en- 


SI 

Appendix, 

liver 



plaques under liver, masses 
along root of mesentery; 

leric glands 








biopsy performed 


47G48 


41 

Tip 


Indefinite pain; appendec- 
tomy 

None 

47322 

F 

36 

Tip 


PuU pain: anomxfn. 
anc? voniHhifr: twjricrno?®: 
resection, ccemn, teniilnal 

J/euni uwl iippcndix; lieo- 

Ct'cuni and nt'inii 






colostomy 


47322 

F 

]5 

Tip 

4 days 

Pain, vomiting, naipen, 
tenderness; appendeetomy 


47163 


2S 

Tip 


Pnin in side, jilidoiiicn and 

Noiii' 

T 


liack, aeconifianlcd iiv 







nausea and 

oophorcctojny tuui ai’peii* 



T 

14 

Tij' 

4 days 

dcctomy 

pain, nnii*^en and vondtiny 

Xora’ 

4GS46 

appendeef oiny 
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nr .■Iraciitaniii Tumors — Continued 

Pnlh. 

Xo. 

Sox 

Ago 

sue 

liurnllon i'UnU'id ('(uirse 

Appendix— ('on tinned 

Met list uses 

4G75-1 


2S 

Tip 

0 days 

liilcriiiKteiil Pini!.i'ii mid 
voinltlpt; with aciile pain; 
iippeiulcctoiiiy 

None 

4:isis 

F 

15 

Tip 

3 mop. 

liidolhille syiiiidonis of pain, 
nimseii and vomit Ing; 
rcnderne.'s : aiipendiTloiny 

None 

4oGoS 

F 

IG 

Tip 

n inos. 

Pain, nansi'ii and vomiting; 
npiiomlcetoiny 

None 

42133 

]M 

15 

llnsc 

IStirs. 

Severe pntn and vomiting; 
tendorne.«5s; nppeiidceloiny 

None 

3S7G9 

M 

23 

Tip 

1 nio. 

Intermittent nttaeUs of 
indige.>itlon witli pain, dis- 
tention, vomiting, fever: 
tciidernc.'-s; apiiendectomy 

None 

3S033 

M 

22 

Jliddle 

2 days 

.Sudden eontimions imln in 
rigUt Hank; tenderness and 
subnormal temperature; 
appendectomy 

None 

37G3C 

F 

28 

Middle 


.Appendectomy and suspen- 
sion of uterus 

None 

344SJ 

F 

27 

Tip 

5 yrs. 

Indeflnite attneks of pain; 
severe attack day before 
admission: appendectomy 
and cholecysteetomy 

None 

31301 

F 

S3 

Tip 


Pain, nausea and vomiting; 
appendectomy for acute 
appendicitis 

None 

21703 

M 

30 

Tip 

2 yr.«. 

Indige.stion, intermittent 
pain; exploratory lapar- 
otomy; appendectomy 

None 

13978 

M 

12 

Middle 

2 \vl;s. 

Pain, hematemesis: mass 
in right side, one week; 
tenderness; exploratory 
laparotomy; appendectomy 

None 

6- 0032 

F 

04 

Base 


Fall in street car: patient 
brouglit la coma: cerebral 
hemorrhage; autopsy 

Colon 

None 

48429 

F 

4G 

Ascending 

colon 

2 yrs. 

Intcnnittcnt epigastric pain; 
vomiting, distention and 
diarrhea: resection of term- 
inal ileum, cecum with 
lateral ilcocolostomy 

Glands of 
mesentery 

G-103C2 

JI 

53 

Sigmoid 

flexures 

2 mos. 

Nausea, epigastric distress; 
pain, loss of weight, ano- 
rexia; hard, nodular masses 

Glands, liver, 
lungs 


in abdomen; autopsy 


complaining of attacks of abdominal pain, distention and diarrhea. For several 
\-cars she had been subject to attacks of dyspepsia which were variable in duration, 
intensity and periodicity. The present attack differed from the preceding only in 
its slightly greater severity. The only relevant detail in the past histor\’ of the 
patient was an attack of pulmonary tuberculosis twelve years before, from which 
she had apparently recovered entirely. 

Physical Psaiiiiuafiojt. The patient was a well nourished white woman in no 
acute discomfort. A small mass was palpable in the right lower quadrant of the 
abdomen; this was about the size of a lemon, freely movable and not tender. 
Roentgenograms made following a barium sulphate meal showed a dilated terminal 
ileum but no evidence of a constriction. Following a barium enema, however, the 
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nH'iitjrciiOKranis revealed 


iras iliauimscil a« m-onlasm ‘'hTir',T'"^‘Y "" 

is ;vr; 


' f '' wiin a v-'^han 

I^nn ic'’’and’lrnl 7"'’"’’’" ‘7 ^ anastomosis was 

ark'ry because lliey were intimately related to the superior mesenteric 

J he diagnosis was carcinoid or argei)talif}i7 tumor of the cecum with mefastases 
to the regional mesenteric lymph glands. 

^ Coinwnit.— The first pathologist who examined the growth made a diagnosis 
oi adenocarcinoma because of the numerous pseudo-alveoli in the edges of the 
tumor but largely because of the rarity of carcinoid tumors in the colon. The 
} cllow color, hou'cver, is not typical of carcinoma. The microscopic arrangement 
of the cells, while not absolutely conclusive, is so t 3 'pical that after observing a 
number of carcinoids one can hardly fail to identify the type even without recourse 
to special stains. 

The gastro-intestinal history was extremely vague. As the condition extended 
over a number of years, it was practically impossible to ascertain the date of onset 
of the first rele\’ant s)'niptom. This suggests that the dei'elopment and growth of 
the tumor were e.xtremely insidious. It would be unwise to attempt the diagnosis 
of a carcinoid tumor from the clinical history alone, but a tumor mass charac- 
terized by an insidious onset of vague gastro-intestinal sj'mptoms and unusual 
general symptoms previous to the formation of metastasis suggests a tumor of 
this t 3 'pe. 

Course iit Hospifol. — The patient had a stormy postoperative convalescence com- 
plicated by the development of a fecal fistula on the fifteenth day after operation. 
This drained freely for a time and finally closed three months later. She was 
discharged improved and when last heard from (N^ovember, 1933, three years 
after operation) she was entirely well and had gained 37 pounds (16.8 Kg.). 

Macroscopic Exaniination of Tumor. — The specimen consisted of a resected 
portion of bowel 6 inches (15.24 cm.) in length. In the center of this was seen 
an annular constricting tumor completely encircling the bowel but producing no 
elevation on the serosal surface. When the specimen was opened, it was found 
that the tumor bad partially occluded the lumen. The growth had apparently origi- 
nated in the submucosa but had involved the entire wall of the bowd secondan y. 

The mucosa was intact over the surface. The cut section was firm m comsisfcncy 
and yellow. Attadied to the resected mesentery were several enlarged ^mI 
Sids One of these was quite hard and when sectioned exhibited the same 

yellow color as the original tumor. 

cells arranged in strands and compact gro ps These granules stained 

and possessed ^ J^^with^rSver Impregnation technic, identifying the tumor 

'^nie'arg itr V e OccLional facuoles could be seen near the bases 
Tf Z cellfm stroma quite dense and surrounded the nests of the cells. 
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leaving llicni as discrete islands of tnnior tissue. A liyperfibrosis accompanied 
the metastases, so that the normal structure was almost completely replaced hy the 
tumor and its stroma, 

GANGLIONEUROMAS 

Virchow, in classifying linnors of the nerves, recognized the possi- 
bility of the development of a “nenroma gangliocellnlare.” 'J'lie descrip- 
tion of the first case of such a tninor was published in 1870. In lliat year 
Loretz reported a case, and between that date and 1901 ten cases were 
reported. Tumors were described in both the sympathetic and the cen- 
tral nervous system. Kuans has reported a case of multiple ganglio- 
neuroma associated with Recklinghausen's disease. Bencke reported a 

Table 6 . — Data an Gaiuilioiirnrainas 


Path. 

No. 

Sox 

Age 

Site Dnrnllon 

Symptoms 

Jlctastases 

49S1G 


2S 

Acoustle nerve 


Petrous portion of temporai 
bone removed at autopsy lor 
routine study of ears 

None 

47C02 

Lee 

p 

16 

Retroperito- 
neal, riglit 
suprarenal 

1 yr. 

Pain in right leg and right side 
of abdomen; amenorrhea 

Skull 

4CS0G 

Curtis 

JI 

10 

Cervical 

region 

1 yr. 

Painless mass above clavicle 

None 

40083 

F 

43 

RIgllt tlligll 

1 mo. 

Painful, tender, aching mass; 
swelling and severe pain 

Recurrence; 

dead 

37D12 

JI 

4 

Neck 

1 

Biopsy of glands of neck, 1026; 
enlarged and swollen 

None; 
dead, 1027 

2708S 

Watson 

JI 

Adult 

Jlidbrain 


Intracranial pressure; autopsy 

None 

21763 

JI 

41 

Cervical 

region 

IS yrs. 

Painless nodule in left side of 
neck 

Lungs 

G711 

JI 

28 

Finger 

1 yr. 

Nodular, hard, pulsating mass; 

None 


cilcma o{ finger 


case in which malignant changes occurred in a ganglioneuroma, in which 
large ganglion cells and smaller embry'onic neuroblasts from which the 
ganglion cells probably developed were found. By 1914, Wahl was able 
to collect forty-seven cases of ganglioneuroma. Twenty-five of these 
occurred in females ; in twenty-nine of the forty-seven cases the patients 
were less than 30 years of age, and in twenty-nine the tumor developed 
in the retropleural or retroperitoneal spaces. 

CLINICAL FEATURES 

Including the cases collected by McFarland (ninet}--three) and those 
appearing in recent literature (Watjen, MacAuley, Alpers and Grant, 
Bergonzi, Jackson and Babcock, Guizzetti. Sinirnow and Bischoff) 
together with eight in our series, the ganglioneuromas reported to date 
number one hundred and eleven. 
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Fig. 22 (path. jio. 4983 6). — Low power pliotomicrograph of benign ganglionia 
occurring in the acoustic portion of the eighth nerve. The gang3ioneuroma is 
indicated by the arrow- and im-olres the nerve just before it enters the cochlea. • 


Fi. 23 4981fl.-Hig„ r..-cr pl.o.o^icrW » >1- « 

. , 22 The hrge bcnig,, g.-...gli»« »Ib arc cmbc«rf .« .te 

of neurogenic fibers. 
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These tumors are, as a rule, heniixn and solilary. J hey may be 
multiple and malignant, and may occur anywhere in the central or 
peripheral, as well as in the sympalhclic. nervous system. In our cases 
variahility in location and growth was striking, ddie age at which this 
tumor appeared varied from 4 to dS years. Ihrec developed in the 



Fig. 24 (path. no. 47692). — Area of a malignant ganglioneuroma occurring in 
the retroperitoneal spaces of a girl, aged IS, with symptoms suggesting appen- 
dicitis or ureteral colic. A proliferation of cells slightly more mature than those 
found in typical neuroblastoma is seen. 

cervical sympathetic, one in the suprarenal gland, two in the extremities, 
two within the sk'ull, one in the midbrain and one on the acoustic nerve. 

Three of the eight were malignant — an unusually high number. 
The clinical course is usually slow, marked by progressive enlargement 


■ iRcnirns op surgprv 

•■".'‘f may intc'rferru-itifrel^^^^^ ■" 

(li.yostivc svniploms. AA'hcti occurrin<r ^ '" cause 

(f'liior iiiav he iiiistaken for a l' ^ ^ I'^^tropentoneal spaces, the 

.^.■'™liy severe neei^liie tu.por „f feid,,,. Oco 

nerves eiicroacliecl upon VVlicn h ' T ^ distribution of the 

not tender. In o le c e i. o 

one case in on, senes the gron-th was extremely small. 



Fig. 25 (path. no. 47692). — Section from the tumor shown in figure 24. Gan- 
glionic and adult chromaffin ceils are seen embedded in a neurogenic stronja. 


It developed on the auditory nerve. Because of being so rare, two of the 
three cases of a malignant tumor Aviil be discussed briefl,v. 1 he third 
case has been reported b}' Lewis and Hart. 

A Rctropcriloiica! jHaligiiant Ganglwiicuroiiia . — A white girl, aged 15, Iiad com- 
plained for over a rear of recurrent, severe, cramplike pains in her Icg.s. The.w 
w'ere more severe on the right side below' the knee in the muscles of the call. 
Similar pains had been experienced six or seven year.s beiore. A tew months 
before examination abdominal pain was noted. No definite diagno.-is w.i- mace 

at that time. 
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When tlie patient was admitted to the hospital a mass eonld he palpated in the 
region of the right kidney. Tlie right knee jerk was absent. The wliitc blood 
count was 8,200, witli a normal tlifTerciUial coniil. Pyclograpin'c studies of the 
kidneys showed no marked deformity. The calices of the right kidney were 
slightly blunted, and the renal pelvis on that side seemed dilated. The right ureter 
was also thought to be somewhat dilated. 

An operation was performed on I'cb. 9, 19.12. The appendix was removed 
through a right rectus incision and a retroperitoneal tumor palpated. 

An incision was made that exposed the right kidney. A large tumor was found 
which extended from the right suprarenal gland, behind the ureter, down to the 
brim of the pelvis. The growth, which was hard and encapsulated, was removed. 





Fig. 26 (path. no. 37512). — A benign ganglioneuroma arising in a cervical sym- 
pathetic in a child, aged 4, which terminated fatally. The roentgenogram shows a 
mass invading the mediastinum and compressing the lung. 

Tlie patient returned home on March 1. She was seen in January, 1933. At 
this time metastases had formed in the left parietal region. The mass was 
about 2 inches (5 cm.) in diameter. Her legs were atrophied. Occasional 
fecal incontinence was noted ; amenorrhea had developed. The patient was bed- 
ridden. The tumor had the shape of an oyster. One hemorrhagic area the size 
of a marble was found; the remainder of the growth was firm and encapsulated. 
The cut surface was grayish-white with yellow flecks. 

On microscopic examination two definite masses were found. In one of these 
stroma predominated. The stroma was formed of coarse fibers arranged in bundles, 
and a finer reticulated substance, which on cross-section looked like a normal 
nerve. In the stroma were embedded many large ganglion cells with a single 
nucleus, and small clumps of cells arranged in a syncytium with a cytoplasm which 
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Fig. 27 (path. no. 37512 ). — Photomicrograph showing large ganglion cells and 
neurogenic stroma occurring in the tumor illustrated in figure 26. 


, Maliguant Gaiiglionciirowa Occurring in the Right Pof’Hteal Fossa . — .-V 2\ egress, 
aged 18, had had a painful, aching sensation in the right calf for three months. 
When the patient was recumbent the pain was relieved. Preceding this hy two 
years was an ailment which the patient described as a neuritis in both legs. .At this 
time there also were noted a swelling of both legs and photophobia. The e.vact 
nature of the illness could not he determined. She attributed the pain in the right 
leg, complained of on admission, to a fall the year before. .A definite lesion in the 
region of the right calf was discovered a month before. 
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On llic posterior surface of llie ripht tliiftli. about *1 cm. al)ove tlie popliteal 
space, was a firm, tender mass wbicli involved the soft tissues. It measured 20 by 
20 by 8 cm. Its lateral and upiier margins incrMctl with and infiltrateil s^trroundinp: 
structures. Below the popliteal space in the ri};bl calf a bard, cordlike swelling, 
2 inches in length, which was c.xlrcinely tender, could he jialpated. 

The tumor was c.xplorcd on Oct. fi, 1926. It was vascnlar and contained mucoid 
tissue among the vascular areas. On October 15, the mass was e.xcised from the 
thigh. The patient was admitted to another hospital in November, 1930, and an 
operation was performed for a recurrent tumor in the region of the right hip. 
The patient died on November 12. shortly after the second operation. Permission 
for autopsy could not he obtained. 

The gross specimen measured 12 by 10 by 4 cm. It seemed encapsulated. The 
surface was white; the cut surface seemed fibrous, hut scattered throughout were 
hemorrhagic and yellow areas. 

The tumor varied considerably when examiiK'd microscopically. The greater 
portion had a hyalinized, fibrous appearance, but contained many vascular areas. 
In the hyalinized areas were accumulations of small spindle cells, forming a 
reticulum, and large spindle cells such as are found in the sarcomas arising from 
nerve sheaths. At the center of many such masses were cellular, fibrous areas, 
in which were embedded giant cells and an occasional ganglion cell. The tumor 
appeared to be a mixture of a benign ganglioneuroma and a sarcoma of the nerve 
sheath. 

COMMENT 

The three types of tumors which have l)een discussed develop from 
cells which wander out from the neural crest during embryonic life. 
The undifferentiated cell may give rise to the neuroblastoma, and as 
differentiation proceeds the more adult types of paraganglioma and 
ganglioneuroma mat' develop. The occurrence of all these types of 
tissue in the same tumor indicates a common origin, different degrees 
of differentiation accounting for the occurrence of the more adult type 
of tissue. Recently Joergensen has reported a case of h3'pcrtension 
associated with a retroperitoneal ganglioneuroma. Softening in the brain 
and spinal cord was also noted in this patient. In discussing this case he 
stated, “that paraganglioma has been found associated with hypertension 
without other discoverable etiologic factors. Some paragangliomas are 
composed of epinephrine-bearing tissue, while ganglioneuromas do nor 
contain such elements.” One may conclude, therefore, “that in spite of 
the origin of these two tumors from the common, primitive type of cell, 
when hypertension is associated with ganglioneuroma it is mereh’ inci- 
dental. It is believed that the hypertension in this case can best be 
explained on the basis of the renal and generalized vascular chano-es ” 

No other ganglioneuromas have been reported in which hypertension 
was a part of the clinical picture. 
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CONGENITAL CARTILAGINOUS RESTS 
IN THE NECK 

WARREN B. MATTHEWS, M.D. 

CHICAGO 


Largely as a result of the historic work of Rathke ' in 1825 on the 
development of structures of the head and neck from the embryonic 
branchial system, many hitherto unexplained anomalies of this region 
of the body have been better understood. Rathke noticed the similarity 
of the piscine gill system to the embryonic cervical structures of man, 
the pig, horse and chick. Other investigators followed Rathke and in 
rapid succession correct!}' related the embryonic to the normal postnatal 
anatomy. That congenital anomalies of the face and neck were soon 
interpreted as the effects of early embryonic maldevelopment is appar- 
ent. Heusinger,- for example, in 1864 analyzed forty-six cases of cer- 
vical and facial malformations and was well aware of their origin. 

The most common defect of the branchial system in the neck of 
man is the lateral cervical cyst or fistula. Among the rarer defects is 
the presence of cartilaginous remains, or “rests,” an example of which 
is presented in the following paragraphs. 

REPORT OF A CASE 

History. — A. M. B. H., a 6 year old girl, of Caucasion extraction, was brought 
to the chnic because of wryneck. The family history was not significant. The 
birth of the child had been effected by forceps delivery after a long, hard labor. 
She had been bottle-fed. She had always seemed healthy except for the afore- 
mentioned deformity. 

When she was 3 weeks old, her mother noticed that she slept with her face 
turned to the left, and that a lump the size of a hen’s egg was present in the right 
side of the neck between the right ear and the sternoclavicular junction. This 
lump was treated for one year by a masseuse, and during this time it gradually 
receded until only a very small, hard nodule remained. This persisted. The 
condition of wryneck seemed to the mother to have been worse during the past 
three years than at first. 

Physical E.vamiuatiou . — The child was well nourished and apparently normal 
except for the torticollis. The left side of the head (eye, chin and ear) was held 
higher than the right side, and the chin pointed to the left. The right sterno- 
cleidomastoid muscle was shortened and very hard and stood out like a fibrous 

From the Department of Surgery, Division of Orthopedic Surgery, University 
of Chicago. 

1. Rathke: Isis von Oken, 1828; cited by Nieden and Asbeck.^ 

2. Heusinger: Hals-Kiemen-Fisteln von noch nicht beobachteter Form, 
Virchows .Arch. f. path. .A.nat. 29:358, 1864 ; 33:177, 1865. 
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l>aiul. 'I'lic left correspoiuliiiy: imiscle was normal except for slight hypertrophy, 
lleneath the skin overlying the anterior border of the right sternocleidomastoid 
muscle, at a i)oint about midway between its two ends, was a hard, movable, 
painless, button-like structure about 5 mm. in diameter (fig. 1). The overlying 
skin was normal. 
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iiicnt of piitlioIoKy (l)y staining with phosphotungstic acid and hematoxylin), the 
diagnosis was of necessity clianged to elastic cartilage. In the hyaline matrix 
surrounding the lacunae were found many branching fibrils of elastin, interlacing 
like so many pieces of straw (fig. 3). 

The question might be raised as to whether or not this cartilage 
developed as a result of the birth injury that apparently had caused a 
large hematoma in the right sternocleidomastoid muscle and led finally 
to its fibrous degeneration. Because of the nature of the cartilage, and 



became it was ^ Tfe cartiirge wa's“nn.ch more pro- 

I feel that this was not the c ■ |,„„el,ial system, 

bably a congenital remnant f anomalous malfonna- 

Of additional interest is the accordance with the 

,io„ of the second ‘'“"“JJ^^^ent of the hranchial system ,s 



MATTHEW'S— CARTILAGINOUS RESTS IN NECK 


63 


INCIUKNCK 

The first two cases reported were described by Heusinger - in 1864. 
Since that time reports of between seventy and eiglity cases have 
appeared in the literature, according to a careful recent review made by 
Nieden and Asbeck ■' (1931). Because in several cases among this 
number operation was not performed or tissue removed surgically was 
not adequately studied histologically, the precise number is inexact. It 
is certain, however, that this finding is very infrequent. By far the 
majority of instances have been reported b\- European writers, and very 
few by American authors. Nieden and Asbcck believe that cartilaginous 
growths in the neck were observed bj’ the earlj’’ Greeks — that it must 
have been such observations that led Greek sculptors to adorn images 
of satyrs with horns arising just beneath the ears. 

PATHOLOGIC ANATOMV 

These symptomless cartilaginous tumors have been found at a typical 
site: between the hyoid bone, above, and the sternoclavicular junction, 
below; they always lie over the sternocleidomastoid muscle, usually 
near its anterior edge. In general, they have been found in the same 
locations as those where lateral cervical listulas commonly open. 

In size, these tumors vary widely between nodules the size of a 
millet seed and those the size of a pigeon’s egg. In some instances, 
the nodule, if large, has hung down in a pedunculated pouch of skin. 
There is no typical shape; some are button-like or coinlike, and others 
are roughly cylindric or oval. A diagnostic feature is their hard con- 
sistency. They are not attached to the overlying normal skin and sel- 
dom to the underlying muscle, though nearly always rather firmly united 
with the superficial fascia of the neck. Blood vessels and nerves have 
been found in association with these pieces of cartilage. No mention has 
ever been made suggesting their attachment to thyroid or hyoid car- 
tilage. In a fair number of the cases reported the cartilage has been 
found symmetrically bilateral. A few of the cartilage bodies were 
found in the walls of lateral cervical fistulas. 

In all of the reports, save one which described elastic cartilage, the 
tissue was stated to be fibrocartilage. Many of the reports were made 
before the current distinction between elastic and fibrocartilage was so 
universally adopted. Perhaps some of these cases might now be classi- 
fied as instances of elastic cartilage. The one case of elastic cartilage 
was described b\- Nieden and Asbeck, who made several hundred serial 

3. Nieden. H., and .Asbeck, C. : Kongenitale Knorpelreste am Halse und ihre 
Bezielning zu den seitbchen Haisfisteln. Beitr. z. Win. Chir. 153:47 1931 (litera- 
ture). ’ ^ 
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I’.VTIIOGENESIS 

_ In all the reports the authors have assumed that the cartilage 
originated as an isolated segment of a branchial arch. In this belief 
they have followed the teachings of the embiyologists who interpret 
lateial cervical fistulas as being due to the persistence of branchial clefts. 
A gieat deal of discussion has taken place as to which one of the 
branchial clefts remains as a lateral cervical fistula, and which arch 
persists as an anomalous piece of cartilage. Nieden and Asbeck sug- 
gest that one might settle the question by following up the nerve suppfy 
to the fistula or cartilaginous body, since the derivatives of each arch 
and cleft have constant and characteristic innervations. 


Hyaline cartilage occurs in the adult in the nose, larynx, trachea 
and bronchi. Elastic cartilage is found in the external ear, in the walls 
of the external auditoiy canal and eustachian tube, in the epiglottis, and 
in the corniculate and cuneiform cartilages. To the construction of 
these parts all the first five branchial arches contribute. Fibrocartilage 
forms the interarticular cartilages of the lower jaws. 

Wenglowski,-* in 1907, challenged the branchial origin of lateral 
cervical fistulas and pouches and of any associated anomalous structure. 
This author spent most of his time for several years collecting from 
numerous obstetric and gynecologic services throughout Russia seventy- 
eight human embryos, measuring from 2 to 49 mm. Five } cars 
were spent in making serial sections and wax models of these specimens. 
In addition, he carefully studied many cases of cer\ ical cyst and fis- 
tula in children and adults. As one of the conclusions of this laborious 
and conscientious woi'k he postulated that cysts and sinuses occurring 
along the mesial border of the sternocleidomastoid muscle, ranging from 
the hyoid bone to the suprasternal notch, are vestigial remains of the 
thymicopharyngeal duct. No embryonic remnant appearing in tlic neck 
below the hyoid bone can originate from the branchial sj-stem, accorc - 
in- to Wenglowski. His work is discussed m some detail in a rece. 
paper by H.^W. Meyer ^ (1932). Many lateral cervical fistul.is uli 

■"T^lowski, R.: Ueber die Halsfisteln nnd Cysten. -Arch. f. klia. Cliir. 

Mere' H. W.: Congenital Cysts and Ffstulae of the Neck. .Ann. Snrg. 95: 

1 and 226, 1932. 
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are patent throughout, and which open exlcrnall}' at the site just indi- 
cated, follow just the course taken by the thymic canal. 'J'his canal 
originates from the third pharyngeal pouch. 

Wenglowski did not specificall)' mention cartilaginous remains in 
his discussion, nor is there an example included in the list of anomalies 
that he collected. Because these cartilaginous remains sometimes exist 
in the walls of, or in relation to, lateral cervical fistulas or cysts, one 
naturally supposes that these structures have a common origin. 'J'here- 
fore, one must conclude either that all the authors who have reported 
cases of cartilaginous remains in the neck have been in error when 
the}'^ have attributed them to a branchial origin or that these bodies 
have no embryonic connection with the lateral cervical fistulas with 
which they may be so intimately related. 

SUMMARY 

1. An instance is described in Avhich a particle of elastic cartilage 
was found in the side of the neck of a 6 year old child. I think that 
this cartilage originated as a remnant of a branchial arch. 

2. A brief review of the incidence, pathologic anatomy and patho- 
genesis of cartilaginous rests in the neck, as described in the literature, 
is presented. 
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Whoever studies the subject of endotJielioiua of the bones and endo- 
dielial tumors m general cannot fail to be struck by the great confusion 
m terminology and classification which exists in this field. Unfortu- 
nately, the group of the endotheliomas has become a conglomerate com- 
posed of many tumors of unusual appearance and histology. Since the 
morphology'- of endothelial tumors is, in general, far less distinctive than 
is that of epithelial tumors, it is not unnatural that the pathologist con- 
fronted with microscopic sections of an unusual tumor which resembles 
neither carcinoma nor sarcoma should choose the middle ground and 
make a diagnosis of endothelioma. 

Although Ewing ^ was not the first to describe endothelial tumors 
of bone, he was the first to present a large series of cases, and, what 
is even more important, it was he who separated these growths into a 
fairly distinct clinical aird roentgenologic group. Previously, the litera- 
ture on the subject had consisted of reports of a beterogeny of diversi- 
fied tumors some of which were undoubtedly metastatic, since few of 
the studies were based on autopsy'. Not unlikely', a great deal of misin- 
formation crept into the literature which still is misleading. For exam- 
ple, the conclusion of Howard and Crile,* who reviewed the literature 
up to 1902 and found that endotheliomas occurred in persons wliose 
ages averaged 60 years (except in the three cases in their own series), 
is at great variance with that of Geschickter and Copeland,-" who found 
that 95 per cent of a series of 65 endotheliomas occurred in per.soiis 


From the Department of Pathology, Bellevue Hospital. 

Reported with the permission of Dr. Carl Burdick, Director, Fourth Surgica 

Division* I* I 

1. Ewing, James; (a) Diffuse Endothelioma of Bone, Proc. Few \ork 1 aU . 

Soc 21:17, 1921: (^) Further Report on Endothelial Myeloma of Bone. iiml. 


^^'^2.’ Sard, W. T., and Crile, G. W.: A Contrilmtion to the Knowk-tlge m 

PnHothelioma and Perithelioma of Bone, Ann. Surg. 42:3SS. 190d. 

Endothehoma and rione. Neu- 

A™eia?j“a o)c,,.cer. 1931. p. 379: E.-».S-a Saren.a: ,S™11 

C.“ Sar oL o! Eoae. Arch. Surg. 2«:2« (Jul.r) 1». 
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under 25. Obviously, the older cases represented a condition difl'eient 
from the present conception of Ewing’s tumor — probably metastases to 
the bones. 

The disease named after Ewing’" was reported by him in 1921 as 
an example of bone tumor occurring in the distal end of the radius of 
a girl aged 14. Its histologic and gross appearance differed so markedly 
from that of the usual osteogenic sarcomas that he felt the necessity of 
a separate grouping. Subsequently, Ewing collected seven instances 
of this tumor and summarized his findings about as follows : 

1. The tumor occurs in young persons from 14 to 19 years of age. 

2. The bones affected are the tibia, ulna, ischium, parietal bones and scapula. 

3. The tumors grow slowly, several months usually elapsing before they attract 
attention. They are often painful and tender. 

4. The roentgenogram is characteristic; A large portion or the whole of the 
shaft is involved, and the ends are usually spared. Unlike osteogenic sarcoma, the 
tumor produces slight widening of the shaft, but with a gradual fading of osseous 
structure and absence of production of bone. 

5. The tumors are radiosensitive. This is probably the most important single 
reason for their separate grouping. 

Since the original descriptions, numerous large series of cases have 
been reported, notably those of Connor,* of Kolodny," who studied the 
material of the Bone Sarcoma Registry, and of Geschickter and Cope- 
land.^ The results of the latter two studies differ from the conclusions 
of Ewing, which were supported by Connor, in at least one important 
conclusion, namely that absence of production of hone is not a- character- 
istic feature. Many of their specimens showed production of hone to be 
as abundant as that encountered in osteogenic sarcoma, and this was true 
in the case to he reported. Indeed the majority showed osseous forma- 
tion either parallel to or at right angles to the shaft. To regard Ewing’s 
tumor as a primary osteolytic tumor of the medullary cavity, as is often 
done, is erroneous and has been responsible for many mistakes in roent- 
genologic diagnosis. 

As an example, a recent paper reports the case of a 62 year old man 
with rapidly developing cachexia and a tumor involving the upper end 
of the humerus, the glenoid fossa and the entire scapula. Pathologic 
fracture of the humerus occurred. The roentgenogram of the humerus 
showed marked destruction of bone at the anatomic neck. The cortex 
was expanded. The glenoid presented a moth-eaten appearance. Shortly 
before death hematuria developed. The patient died of a traumatic 
fracture of the femur. Areas of the tumor were characterized by a 

C. L. ; Endothelial Myeloma. Ewing, Arch. Surg. 12:789 (April) 
5. Kolodny. Bone Sarcoma. Surg., Gynec. & Obst. 44:126. 1927. 
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Again, some of the published reports in the French literature, in 
winch a great deal is being written about Ewing’s tumor, describe rare- 
iying tumors of tiie medullary cavity and show photomicrograplis of 
aigc clear polyhedral cell tumors indistinguishable from byper- 
nepinoina. I he diagnosis of Ewing’s tumor is apparently being made 
\\heu it is not justified. It is a rare disease comprising from 7.5 per cent 
to 15 per cent of all tumors of the bones. Hence, it falls to the lot of 
few surgeons and pathologists to see more tlian an occasional case in a 
lifetime. 


N.vTURE OF Ewing’s tumor 

The uncertaint}' u-hich surrounds the origin and nature of Ewing’s 
tumor is expressed by the great variety of names by which it is known. 
''Diffuse endothelioma,” "endotheliomyeloma” (Ewing), "Ewing’s sar- 
coma” and "reticular sarcoma of the bone marrow” are but a few. Even 
the primary site of its appearance is a subject for controi'ersy. Connor ■* 
placed it in the marrow cavity, and Ewing himself once leaned to this 
view. Kolodny ® believes in an origin from multicentric foci in the 
medulla and cortex which soon coalesce. Geschickter and Copeland," 
whose studies are more recent and supported by more roentgenologic 
evidence, believe in a primazy subperiosteal or intracortical origin with 
secondary and minimal medullar}'' invasion. This is in strict thougli not 
absolute conti'adiction to the original views of Ewingd'’ who chose the 
name endotheliomyeloma in order to indicate either a medullar}' origin or 
a prepondei'ance of medullary involvement. The pendulum appcais to 
have swung to the opposite extreme. 

The following case is reported because it is undoubtedly aiz example 
of Ewing’s tumor and appears to establish the origin of the disease. 


REPORT OF CASE 

Hisforv—J. V., a Puerto Rican boy, aged 5 Z'ears. Jiad been a normal infant 

borfat fu 1 term. The family history sho»-c(l no evidence of .syphilis. He bad bad 

the usual d seases of childhood, measles, diphtheria and chickonpo.v e nnn, l. s 
the usual aiseas , , , performed seven months before his admis- 

four, I. i bSTllu «tairdo„, <1.0 lof, ,00 l«,™ .O «vo„ 

»'ta'l.o .valfco.,. .« .ta, .,0.0 ,.c o„,cro.l o«o„.or 



Dll SANTO— EWING’S TUMOR (N 

where he remained for a short lime. Roentgenologic studies were made, and the 
diagnosis was osteomyelitis. The family refused to jiermil opcr.Uion and withdrew 
the child from the hospital. He was admitted to the children's surgical service 
at Bellevue Hospital on Jan. 21, 1932. 

Physical Examhiation.—Tho. patient was slightly undernourished. The left 
tibia showed a smooth, diffuse, spindle-shaped enlargement of the entire shaft, 
which stretched the overlying skin. The leg was not tender, and the overlying soft 
tissues did not appear inflamed. 

The submaxillary, tonsillar, iirguinal and cervical nodes were slightly enlarged. 
Physical e.xamination otherwise gave negative results. No stigmas of .syi)hilis or 
rickets were present. 



1- A, photograph of the specimen. The arrow indicates a hemorrhagic 
cyst. B, roentgenogram taken in August, 1931, shortly after the onset of pain. 
There are periosteal elevation on the lateral surface of the tibia and new bone 
formation. Note also the increased density of the lateral half of the proximal 
portion of the tibia, indicative of new bone formation in the medulla. The roent- 
genologic diagnosis was chronic osteomyelitis. (Reduced from an 8 by 10 inch 
film.) C, roentgenogram taken on Feb. 15, 1932, showing extensive formation of 
bone beneath the periosteum and at right angles to the shaft, and also increased 
density of the medullary cavity. The epiphysis is uninvolved. The diagnosis was 
osteogenic sarcoma. (Reduced from a 12 by 14 inch film.) 

Laboratory Piiidingii.—Roentgenograms of the long bones and of the lungs 
were made. The roentgenogram of the left tibia showed separation of the perios- 
teum „..th evidence of formation of new bone springing radially in both directions, 
le upper end of the shaft showed several areas of osseous rarefaction. The lungs. 
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tlio l)oiiy tlior.nx niicl tlic long bones contained no metastatic foci. Several roent- 
genograms were taken without leading to a substantial change in the diagnosis, 
which was "osteogenic sarcoma.” This diagnosis was made despite the failure of 
the tumor to involve the epiphyses and was based on the predominance of produc- 
tion of bone. 

The original roentgenograms taken eight months before the patient’s admission 
were consulted. These showed the periosteum of the upper third of the left tibia 
to be raised on both the inner and the outer aspects. There was production of 
new bone beneath the raised periosteum at right angles to the long axis of the 
bone together with irregular production of bone in the upper end of the shaft. 
The process in no instance extended beyond the epiphyseal line. 

(7„[„-j(._Thc patient received radiation therapy on January 27. Biopsy was 
performed on Februarv 5. Following the report on the biopsy, amputation of the 
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tion. Ill tlic middle of the shaft on the inner aspect directly in the region of sub- 
periosteal formation of new bone was located a cyst, approximately 2 by 1 cm. in 
size, which was bridged hy slender strands and filled with chocolate-colored 
material. 

The cortical bone was lamellated, and instead of having a compact structure 
it was composed of a series of parallel, splintcr-like units of bone. In the mid- 
shaft, the corte.x was widened, encroaching on the marrow cavity. The medullary 
cavity of the entire shaft was composed of spongy bone of varying degrees of 
density, and only in the iminvolved distal portion was there any marrow. In gen- 
eral, the dense bone was at the pro.ximal end of the shaft. The epiphysis and the 
epiphyseal line appeared natural. 

Microscopic Examination . — Sections were removed in the following manner: 

(1) a transverse block of bone from periosteum to periosteum including the cortical 



Fig. 3. — Photomicrograph of the cortical bone. The lamellae are separated, 
and the haversian canals are widened. Note the dilated perivascular lymphatics 
whence the neoplasm presumably arises. Hematoxsdin-eosin stain; X 100. 

bone; (2) a transverse block of bone from periosteum to periosteum not including 
the cortical bone; (3) a block of bone through the proximal epiphyseal junction, 
and (4) a block of bone through the cystic area. 

These were fixed in 10 per cent formaldehyde, decalcified in 10 per cent nitric 
acid, embedded in paraffin and stained by routine methods. In addition, the Giemsa 
and van Gieson stains and a Pianese stain for colloid were used. 

In the microscopic report, for convenience of description the four zones in the 
tumor will be considered: (1) the periosteum and surrounding muscular tissues; 
(2) the subperiosteal zone of new bone formation; (3) the cortical bone, and (4) 
the medullary cavity. 

Because of technical difficulties incident to the cutting of sections of bone most 
microscopic studies are based on examination of small pieces of tissue, often dis- 
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Fig. 4. — Photomicrograph through a block of subperiosteal tissue. Note the 
dilated perivascular lymphatics, the laying down of new connective tissue and the 
spicules of newly formed bone. Heniatoxylin-eosin stain; X tOO. 


Subperiosteal Zone : In this zone two separate processes were present, one 
of formation of bone, and the other of tumorous infiltration. The zone was occupied 
by a meshwork of osteophytes, usually arranged at right angles to the long axis 
of the bone. These osteophytes represented new spicules of bone and could be 
seen in everj' stage of formation by the agglomeration of osteoblasts. Occasionally 
chondroblasts with acidophilic nuclei formed a peripheral zone in the si>icule. 

The osteophytes were embedded in a stroma of vascular loose fibrous tissue. 
Large distended blood vessels were present in this stroma lying in the same direc- 
tion as the newly formed bony trabeculae. 

The tumor was represented by a structure consisting of a multitude of elon- 
crated vesicular spaces lined by several rows of cells identical with tl.c tumor cells 
described and containing compact masses of the cells lying tree m the lumen-. 
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The spaces appeared to intercommunicate freely, giving the whole a loose 
reticular aspect. As the tumor was traced inward and toward the cortc.'c it assumed 
a more cystic character and was composed chieny of a multitude of oval spaces 
lined by a single or a double row of tumor cells and containing fluid that had 
unquestionably the staining properties of lymph. There was a diffuse growth of 
small tumor cells, but the cystic nature of the growth predominated. The dilated 
lymph spaces (which they undoubtedly were) often lay adjacent to osteophytes 
but were in no way directly transformed into osseous tissue. Often, papillary 
infoldiiigs lined by endothelium could be seen projecting into them. Often the 
coalescence of numerous such spaces produced a multilocular cyst. 



Fig. 5. — Higher magnification of dilated subperiosteal lymphatics. Note the 
lining endothelium, the papillary ingrowth of endothelial cells and the fluid lymph. 
Hematoxylin-eosin stain ; X 500. 


Elsewhere the lymphatic spaces were seen to contain red blood cells, and in a 
few instances it was possible to find capillaries which appeared to have ruptured 
into them. 

The hemorrhagic cyst represented a multilocular endothelial space full of red 
blood cells. Several smaller ones were found. 

Cortical Bone: The cortical bone appeared as a series of parallel layers of 
vertical spicules, widely separated by an overgrowth of connective tissue in the 
haversian canals. The capillaries were greatly distended and were surrounded by 
nunicrous dilated lymph spaces presenting a picture of lymphatic obstruction with 




Fig. 6 . — Photomicrograph of an area in the medvllary cavity. The tumor is 
composed of main' spaces full of lymph and surrounded by several rows of small, 
round cells. Hematoxylin-eosin stain; X iOO. 
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dilatation ratlicr than one of aiitononions new growtli of lymph channels. 1 he 
perivascular relationship of lymph spaces to capillaries and venules was constantly 
maintained. 

Old osteophytes were seen to undergo resorption, but production of new bone 
was also conspicuous. The rcsori)tion did not appear to depend on osteoclastic 
activity, for osteoclasts were seldom observed. 

J^larrow Cavity. The medullary cavity was occupied by a dilTuse overgrowth 
of fibrous connective tissue throughout which were scattered interlacing spicules of 
bone, dilated blood spaces and perivascular lymph channels. In general the struc- 
ture was like that of the subperiosteal zone except that the growth was comprised 
chiefly of multicystic lymph spaces and showed less diffuse cellular overgrowth. 
No fatty or hematopoietic elements were present. 

Summary of Microscopic Observations: The histologic picture was that of 
a tumor both angioblastic and osteogenic in its tendencies. The production of bone 
was not derived from the tumor-forming elements ; rather the formation of new 
lymph spaces would appear to favor the theory of a nutritional stimulation to 
osteogenesis. 

The angiomatous elements appear in their most natural state in the cortical bone 
as dilated perivascular lymphatics, whence they may be traced inward to the medul- 
lar}’ cavity and outward to the zone of subperiosteal ossification ; in either location 
the growth assumes a neoplastic character of tissue spaces lined by endothelial 
tumor cells, containing tumor cells and lymph in their lumens and surrounded by 
a diffuse growth of tumor cells. In the periosteum the growth is diffuse along 
tissue spaces and seems restricted to the periosteum overlying the proximal end 
of the shaft. 

Note. — In December, 1932, approximately ten months after the amputation, 
metastases developed which involved both angles of the mandible, the occiput of 
the skull and the forehead in the midline at the root of the nose. The patient was 
readmitted to the hospital. There was no roentgenologic evidence of metastases 
to the lungs or to the other long bones. 

The case was registered with the Bone Sarcoma Registry and was diagnosed 
as “Ewing’s sarcoma.” 

The patient died on July 26, 1933, at the age of 614 years. Autopsj" was per- 
formed on July 27, 1933. 

Autopsy . — The anatomic diagnosis was: Ewing’s tumor (lymphangio-endo- 
thelioma), primary, in the left tibia with metastases to the skull, vertebrae, iliac 
bones, right femur, ribs, left lung, pericardium and diaphragm. 

The body was that of a small boy, 6lA years of age, 3 feet and 2 inches 
(96.44 cm.) in length; the estimated weight was about 35 pounds (15.9 Kg.). 
The skin was light brown, that of a negroid type of Puerto Rico. The features, 
likewise, had a negroid appearance. The left lower e.xtremity had been amputated 
at the midthigh, leaving a small stump, 3 inches (7.6 cm.) in length, completely 
closed by skin and soft tissue. The head had a grotesque appearance. It pos- 
sessed, more or less, the shape of a parallelogram, the longer diagonal, from the 
vertex to the chin, measuring 12 inches (30.48 cm.), and the shorter diagonal, 
from the occiput to the forehead, measuring 9 inches (22.86 cm.). This peculiar 
shape resulted, in part, from a large tumor coyering the occipital regions of the 
skull, measuring 7 by 3 by 2 inches (17.78 by 7.6 by 5 cm.). A smaller metastasis, 
V/i inches (3.77 cm.) in diameter, overlay the right parietal area. Both growths 
were firm but not hard. The forehead was covered by a metastatic tumor, which 
extended in a horizontal direction from the middle of the right supra-orbit’al base 
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le left ear fnun which e.xuded .some foul-.smclling pus. The oral cavity was 
.1 mo.st completel.y Idled with a bulging tumor, covered by mucosa, which was 
undoubtedly anitmuous with the growth in the left mandible and ma.villa. The 
teeth were distorted and irregular; many were loose and could be withdrawn 
irom their sockets. No lym|>h nodes were pal()able in the cervical, supraclavicular, 
a.xillary or iii.guinal regions. 

1 he chest, e.xternally, showed some small metastases to the ribs, one involving 
the right si.xth and seventh ribs in the anterior a.xillary line, another involving 
the left ninth rih. 

In the upper third of the right fennir there was palpable a nodular, firm 
swelling, undoubtedly a metastasis. 

Tlie body was e.xtreinely wasted. On section, there was no subcutaneous fat. 
The tmiscles appeared wasted. When the abdominal cavity was opened, the peri- 
toneum was smooth and shiny. The liver seemed slightly enlarged and low, 
c.xtending about 1 inch (2 cm.) below the costal margin. 

An e.xploration of the abdomen revealed a retroperitoneal tumor overlying the 
body of the second lumbar vertebra in, and to the left, of the midline, and a 
second mass filling the left iliac fossa. The diaphragm was at the fifth rib on 
the right and at the fifth space on the left, in the anterior axillary line. The 
right dome was inverted by a globular mass, undoubtedly occupying the thoracic 
ca\'itj'. 

Chest : A)'hen the soft tissue of the chest was reflected, the metastases to the 
ribs on the right and left were seen to lie precisely at the respective costochondral 
Junctions. The metastasis on the right was approximately spherical, 2J4 inches 
in diameter; it extended into the right pleural cavity and was attached to the lower 
lobe of the right lung. This was the mass which depressed the diaphragm. 

Heart: The heart weighed 100 Cm. Epicardial fat was absent. A small 
mass M inch (0.6 cm.) in diameter was attached to the outer surface of the 
parietal pericardium, posteriorly. The pericardial cavity contained about 25 cc. 
of clear fluid. The heart was otherwise normal. 

Lungs: The right pleural cavity contained 25 cc. of fluid. The left contained 
about 50 cc. The lungs weighed 360 Gm. They were f 
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jSictastases wbich had a contrasting yellow color were found occu])ying the bodies 
of tlic lower sixth dorsal and the second, third and fourth lumbar vertebrae. These 
were usually distinctly central in position and did not involve the intervertebral 
disks. The metastasis in the second lumbar vertebra was continuous with a mass 
2 inches (5 cm.) in diameter, already described, which overlay the anterior aspect 
of the body retroperitoneally. 

Iliac Bones: The left iliac bone contained a tumor tliat completely filled the 
fossa, measuring 4 by 3 inches (10.16 by 7.6 cm.). This mass invaded the bone 
and cartilage of the iliac crest. It was relatively soft and could be e.xciscd with 
a knife. It was yellow and somewhat gritty on section. The left ilium contained 
a smaller metastasis in the fossa, roughly 1 inch (2.5 cm.) in diameter. 

Femur : An incision was made over the medial aspect of the right femur 
disclosing a metastasis, about 1 inch (2 cm.) in diameter, occupying the corte.x 
and medulla of the bone, at the level of the upper third. 

Head ; When the scalp was reflected virtually both the parietal bone and 
the occipital bone were replaced by grayish-white, soft tumor tissue. The occipital 
mass already' measured and described was the largest, but the tumor replaced 
virtually the entire parietal and occipital areas from left to right. These metas- 
tases could be excised from the skull. They were grayish white, soft and extremely 
moist on section, but contained yellowish, fatty areas, presumably degenerated, 
and were streaked with gritty deposits of bone. The occipital bone was consider- 
ably thickened and measured Yz inch (1.77 cm.) in thickness. The temporal bones 
were Mo inch (0.15 cm.) and the frontal bone was Y& inch (0.3 cm.) in thickness. 
The inner surface of the skull was unevenly eroded and ulcerated and also showed 
flat elevations of tumor growth. The outer surface of the dura was extensively 
covered with metastases. The inner surface was smooth and not involved. Tumor 
tissue replaced the crista galli in the midline and extended into both orbital fossae. 
In these sites, the tumor was almost gelatinous. 

The brain weighed 1,050 Gm. and was pale and soft, but otherwise was not 
unusual. 

Microscopic Examination ; Examination of the various metastases showed 
tumor tissue composed of small, round cells, approximately the size of lymphocytes. 
Each cell possessed an oval nucleus which was richly chromatic, a solitary nucle- 
olus and a scattering network of chromatin. The cytoplasm was rarely visible. 
There was marked uniformity in the size and shape of the tumor cells. There 
were large numbers of mitotic figures. 

In the metastases, the growth was diffuse and exhibited none of the angio- 
blastic tendencies of the primary tumor. There was a delicate supporting reticulum, 
lilany areas showed widespread necrosis. 

No metastases were found in the deep iliac lymph nodes. The cells were 
identical in appearance with those in the primarj^ growth. 

COMMENT 

So man}^ cases of Ewing’s tumor are on record that the mere addi- 
tion of another case would serve little purpose. I feel, however, that the 
case reported is unique in that the histologic picture was such as to 
permit tracing the tumor to its site of origin. I feel, too, that there is 
a gieat deal of contradiction between the old and the more recent dis- 
cussions of this subject, and that an exposition of these differences may 
serve to clarify the understanding of the disease. 
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liifiv can I.C Iitdc (Kuiht that tlic .trrou-tii is aii example of Ewing’s 
( 1,^ a-e uf (he ivadent. the clinical history and tlie characteristic 
‘•in.r m dia.i^nosis (ostaanyclitis). the ki'oss ciiaractcristics, jjarticularlv 
I le limitation to the shaft without involvement of the cpipltysis, and the 
im.ismn ot tlie haversian systems and of the marrow cavit}^ with reac- 
tive tormatioii of hone and I'lhrosis. all seem typical. Tlie old idea of 
an osteolytic tumor located in the midshaft of a long bone should 
undouhtedly he abandoned. 

1 am a\vare of. (he dangers of -attempting to trace the origin of a 
tumor on histologic grounds alone. In no field is the opportunity for 
trioi so gieat as in .that of endothelial tumors, the characteristics of 
which, lying intermediary hetween those of epithelial and' those of meso- 
Idastic tumors, render confusion in cither direction most likelj'. Yet 
(here can he no douht tliat the tumor originates spontaneously from the 
endothelium of lymph vessels .since a direct continuity is established 
hetween seemingly normal though dilated lymph spaces in the haversian 
canals and the abnormal ones in the subperiosteal and medullary zones. 
Moreover, proliferating endothelium, multiple layers of endothelium 
and sprouts of endothelium growing out into conneefive tissue were fre- 
fjuentl}' obscD-cd. Further, the tumor maintains its angioblastic arrange- 
ment throughout and produces a secretion of lymph fluid. 

Although the structure of Ewing's tumor is described in most cases 
as diffuse, exceptions to this are frequent. Endothelial tumors are 
classified by Ewing ° as: (1) interfascicular (consisting of thin layers 
of cells growing between strands of connective tissue) ; (2) alveolar 
(composed of large groups of cells resembling adenoma) ; (3) plexi- 
form (composed of convoluted' columns showing papillary projections), 
and (4) diffuse (having the usual appearance of Ewing's tumor). The 
first three histologic types were present in the tumor in the case lepoj ted. 

In discussing the tlieories of the origin of endothelial tumois, 
Ewdng ® mentioned several possible factors : ( 1 ) ■ lymph stasis with 
l 3 mipbangiectasis ; (2) a neoplastic growth of lymph vessels, and (3) a 
heteroplastic growth of lymph vessels into granulation tissue. He quoted 
Ribbert, who believed that lymph stasis with resultant pressure \vould 
inhibit, rather than favor, a process of growth. Certainly lyngih stasis 
is present but whether it is a cause or a result it is impossible to say. 
Because of the age of the patients and other factors I prefer sen le 
to Ewing’s view that the origin of lymphangioma must be attr buted 
to a predisposition of tissue resulting from an embryogenic disturbance. 

]■■■ Neoplastic Diseases, PhiladeJphia. W. B. Saunders Company, 

1928, pp. 252 and 334. 
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WIIHRK UOILS KWING’S TUMOR ARISR? 

Endothelial tumors in general are usually believed to arise from the 
endothelium of small blood vessels and lymph spaces. Ihe piocess lep- 
resents either a conversion of.mormal endothelium along the channels of 
origin into endothelial tumor cells or a dilTuse overgrowth of endothelial 
tumor cells or both.- An origin from the highly specialized endothelium 
lining large vessels is of course improbable on oncologic principles and 
has no basis of fact in the experience of pathologists. An origin front 
perivascular lymph spaces in the haversian canals and beneath the peri- 
osteum is thus in harmony with the origin of endothelial tumors else- 
where. 

LYJIPI-IATICS OF BONE 

The information to be derived from the literature regarding the 
nature and distribution of 13 'mphatic channels in bone is fragmentary 
and confusing. j\lany standard textbooks of histology and anatomy 
make little or no mention of this subject. 

Piney,' Kolodny * and more recently Campbell ” have undertaken to 
demonstrate experimentally the course of osseous lymphatics, with con- 
clusions that are not- always in harmony. 

The chief point of controvers)' among most workers concerns the 
pi’esence or absence of lymphatic channels in the bone marrow, and 
from the standpoint of the present paper the question is of paramount 
importance, because it would establish for all time the origin of Ewing’s 
tumor. 

The existence of periosteal and intracortical lymphatics is a matter 
of unanimity of opinion. Langer,^® who described periosteal lymphatics 
in 1875, is said by Campbell ® to have been the first to do so. Shortly 
thereafter Budge and later Schwalbe pictured a network of peri- 
osteal lymphatics communicating with intracortical lymphatics, into 
which Schwalbe succeeded in injecting dyes. More recently Rauber,^® 
quoted by both Kolodny ® and Campbell," described the presence of 

7. Piney, A.; Carcinoma of the Bone Marrow, Brit. J. Surg. 10:235, 1922. 

8. Kolodny, A. : The Relation of the Bone Marrow to the Lymphatic System, 
Arch. Surg. 11:690 (Nov.) 1925. 

9. Campbell, E. ; Periosteal Lymphatics, Arch. Surg. 18:2099 (May) 1929. 

10. Langcr, Carl; Ueber das Gefassystem der Rohrenknochen, Vienna, K. 
Gerold’s Sohn, 1875. 

11. Budge, A.; Die Lymphwuerzeln der Knochen, Arch. f. micr. Anat 13:87 
1876. 

12. Schwalbe, G. : Ztschr. f. Anat. 2:131, 1877. 

13. Rauber, A. : Lehrbuch dcr Anatomic des Menschen, ed. 9, Leipzig, Georg 
Thierne, 1911, pp. 5 and 17. 
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This c-n,lotl.diun, fern,. s ll,e extern;.! w;.ll of the perivascnlar lymph channels 
snrnmiK me t n- Miielc or mnltiiile hlood capillaries coursing in the central portion 
-I the liaversian canals, 'i hese perivascular lymphatics anastomose widely with 
the ahimdant lymphatics of tlie periosteum. Prussian blue injected into the peri- 
ostea vmpiatics freely penetrates the siihstantia compacta and stops abruptly at 
the endosteum. 

1 iiicy • made iiijcctif.ns itito ^-mphatic channels in the periosteum. 

I lie injected materials jiassed into the cortical bone and thence into the 
ondostetim. htit he was iinahlc to demonstrate any connection between 
the ]iei iosteo-endostcal lymphatics and the marrow. When injection was 
made directly into the marrow cavity, the material passed fay way of 
delim’te medullary channels to the A'eins at the large foramina where it 
emerg-ed. J^iney concluded that there were no lymph channels in the 
marrow cavity. 

Kolodny agreed as to the presence of jieriosteal and intracortical 
lymjMiatics and himself discovered a large lymph channel in the femur 
of the dog which pierced the compact bone obliquely in the proximal 
portion of the shaft, just below the intertrochanteric line. He ne.xt con- 
ducted a series of admirable c.xperinients designed to establish the exis- 
tence of medullary lymphatics. Kolodny stated that his approach to the 
problem was ])hysioiogic rather than anatomic, and admitted the improb- 
ability of antomic demonstration of l^'inphatic channels in the bone 
marrow. 

He injected dyes, such as india ink and carmine, into the marrow 
cavity in animals and recoA'ered the material from the regional lymph 
nodes. The deep iliac nodes were the regional lymph nodes for the lower 
extremity, while the cervical nodes rvere said to drain the uppei 
extremity. 

A powerful clinical argument against the existence of marrow lym- 
phatics, namely, the absence of regional lymphadenitis, Avas lefuted by 
Kolodny,® Avho held that the regional lymph nodes do react, but that the 
proper ones are rarely examined, namely, the deep ihac and the cervica . 
Kolodny concluded that the bone marrow is “directly related to le 
lymphatic system Avithout offering the anatomic presence o 
nels in the bone marrow. Piney» later criticized Kolodny s conclu- 
sions saying, in brief, that the dyes could readily enter lymph nodes a . 
the blood stream, and that this Avas probably the channel in I o oc ) 

^^^Morr'icently, CampbelH succeeded in making injections into a 
p,e.“ of ;erios.eal ly„.pLfcs in infants and in animals. He was nnablc 

-^77" A.: The Relation of the Bone kfarrow to the Lymphatic System. 

Arch.' Surg. 13:615 (Oct.) 1926. 
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to demonstrate communication with intracortcial lymphatics. His method 
consisted in inserting the point of a fine glass cannula directly into the 
periosteum and injecting dilute india iuU under low picssinc. 

Cowdrey described lymphatic vessels and perivascular lymph spaces 
in the haversian canals. 

One may conclude by saying that a great deal of histologic and 
experimental evidence has been accumulated ; that as to the presence of 
periosteal and intracortical lymphatics in the haversian canals there is 
thorough agreement; that the existence of lymphatics in the hone mar- 
row has never been demonstrated, and that the inconclusive evidence of 
Kolodny ® has been seriously questioned. 

Obviously, if there are no lymphatics in the marrow cavity, tumors 
of lymphatic endothelium cannot originate there. This is in keeping 
with the more recent anatomic studies of Geschickter and Copeland,^ 
which appear to indicate that the origin of Ewing’s tumors is either sub- 
periosteal or in the cortex, precisely the sites where lymphatic endothe- 
Ihim is kiwzvn definitely to exist. 

Connor “ attributed the origin of Ewing’s tumor to a reticulo-endo- 
thelial cell in the bone marrow, but this conception is rather vague. 
Ewing has always suspected that the origin might be from perivascular 
lymphatic endothelium, as have more recently Geschickter and Copeland. 
However, in most of the material studied, the histologic picture was that 
of a diffuse endothelioma in which, from the nature of the structure, it 
was impossible to trace growth directly to lining endothelium. 

I feel that the tumor in the case reported is derived from the peri- 
vascular lymphatic endothelium lying in the haversian spaces and in the 
subperiosteum, and that this probably represents the site of origin of 
Ewing’s tumor in all cases. Certainly such a hypothesis would explain 
the early destruction of the haversian system, which is pathognomonic. 

A medullar}'^ origin would seem less likely, for the reason that no 
one has ever demonstrated the presence of lymphatic endothelium in the 
bone marrow, and because the bulk of the clinical and histologic evidence 
is contrary to the existence of lymphatics in the bone marrow. If, as 
Connor suggested, the tumor arises in a primitive reticulo-endothelial 
cell in the bone marrow, how does one explain the absence of epiphyseal 
involvement in the marrow, in which reticulo-endothelial cells are surely 
just as numerous? 

SUMMARY 

1. A case is reported of a primary intracortical and subperiosteal 
lyinphangio-endothelioma. so designated because the tumor could be 
traced to the perivascular lymphatics of the haversian canals and to 

15. Cowdrey. E. V.: Special Cytology, New York, Paul B. Hoeber Inc 19^8 
p. 722. ' ’ - • 
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ilin.'Jv hciic.-illi the periosteum, am! Ijecause tlic tumor cells secreted 
lymph. 


— . I he cliuic.il course aiul the t^ross and microscopic pathologic pic- 
tuie ol this tumoi satisfied every criterion of so-called Hwing’s tumor. 

0 . Xo lield of patliology lias been more confusing than that of 
I'lidothelial tumors of the hones. J his m"is true in the past, and is true 
at present, lor many cases reported as instances of Kwing’s tumor rep- 
resent other types of growth. 


-1. 1 lie conceiition that i:.wing’s tumor is a primary osteolytic tumor 
ol the medullary cavity is erroneous and should be displaced. 

5. Probably in every true case, Ewing’s tumor is a lymphangio- 
endothelioma, originating in the lymphatic endothelium of the haversian 
canals and in that beneath the ireriosteum. Involvement of the medul- 
lary cavity, while prominent, is probabl}' secondaiy. 

6. I'his concept is in harmoiyv with anatomic knowledge of the 
lymiihatics of the bones, for lymphatics have never been demonstrated 
in the bone marrow, whereas periA’ascuIar lymphatics in the cortex and 
beneath the periosteum are well known. Even should the existence of 
Ivmphatic spaces in the bone marrow be demonstrated at a future date, 
the validity of. the concei^t would not be destroyed, since medullary 
involvement might readib' occur by transformation of noimal tymph 
endothelium into a neoplasm. 



OSTEOMYELITIS OF THE ILIUM 


CARL E. BADGLEY, M.D. 

Surgeon in Charge, Division of Orthopedic Surgery, Henry Ford Hospital 

DETItOlT 

INTRODUCTION 

My interest in osteomyelitis of the ilinm was first aroused in 1924 
when several cases with extensive chronic lesions accompanied by 
marked deformities of the hips came to my attention. The apparent 
hopelessness of these cases led me to a review of the literature on 
osteomyelitis of the ilium. There were surprisingly few articles on the 
subject in English, and these were chiefly case reports of acute osteo- 
myelitis of the ilium and dealt with the acute phases of the disease. 
Two outstanding articles were found in the foreign literature, 
Gouillioud’s and von Bergmann’s, both of which advocated what seemed 
at the time radical measures, but which later, in the light of experience, 
I have accepted as sound. 

My interest has been maintained in this subject for the past six 
years by new cases, generally of chronic osteom 3 'elitis of the ilium, 
coming under observation. I am reporting 24 cases, 21 of which have 
been under observation for the past six years. 

It is interesting to note that there is no article published, which I 
have been able to find after a very diligent search, dealing with 
chronic osteomyelitis of the ilium, with the possible exception- of 
von Bergmann’s, which deals in the main with acute osteomyelitis of the 
ilium, but also presents reports of chronic cases. There is no doubt 
that cases of osteomyelitis of the ilium, acute and chronic, are seen in 
other clinics, but with such relative infrequency that, unless some one 
was particularly interested in the disease, the idea of radical surgical 
intervention might well not be considered. From conversation with 
various surgeons, the impression is gained that palliative treatment, such 
as incision and drainage of local abscesses, possibly associated with 
local cui-ettements and local resections, is the usual treatment employed. 

Acute osteomyelitis of the ilium is generally regarded as a rare 
lesion attended with a grave prognosis. Those persons fortunate enough 
to survive the acute infection frequently present severe disabilities such 
as a chronic osteomyelitis with prolonged suppuration which may 
eventually lead to amyloidosis, septicemia and death. A high percentage 
of the survivors of the acute infection present severe lesions of the hip 
joint including bony ankylosis, fibrous ankylosis, or. as in three of mv 
cases, pathologic dislocation of the hip. 



.V4 


.IRCillFES or SURGIiRY 


ravM il r , , oslcomyclilis of (lie iimn, i„ ,he 

™ 'I «r,„s ,„„ci. too consc valivc for cure of the lesion. In 

h , I ■ ’ .,s utlvocnled ,vilh Joeol resections for 

. ihtl.lt hut no .s,„f,le etesc ,v:,.s re|,orl«l in tyhicl, a resection ,vas per- 
Jntiiifd (idler dian a partial resection done hy Simmons. 

^ U IS (It interest to note the absence of any detailed report of the 
inrlber pro.-^ress of the lesion in cases of acute osteony-elitis of the 
ilium. Several authors. Simmons and Bearse particularlv, each mention 
a case, ft \vould be interesting to ascertain the end-resuft in these acute 
cases in which the treatment is merely trephination of the ilium to drain 
an abscess in the internal iliac fossa. 

Ot my 24 cases, 20 were cases of chronic osteomyelitis of 
tile ilium in u-liich inadequate treatment by palliative and ultra- 
conset vative measures was employed. There is a real need to present a 


Iiindriicr of Acute Osteomyelitis of the Ilium Contrasted with Acute Ostcouivclitis 
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review of the excellent work which has been done on osteom 3 'elitis of 
the ilium. For there are certain known facts in regard to osteom}'elitis 
of the ilium which place the treatment of infection of this bone on a 
definite basis, which, if properlv followed, will give excellent results, 
tending' to lower g'reatly the mortality rate, prer'ent invasion of the hip 
and sacro-iliac joints and eliminate to a considerable extent the cases of 
chronic osteomj-elitis of the ilium. In my cases the poor lesults were 
in the failure of application of these facts, and not in the facts 


themselves. 


INCIDENCE 


Although osteomyelitis of the ilium is considered an nifr^uent hone 
infection, 20 patients were treated at the University ospi a a 
Ann Arbor, Mich., and another patient whose case I am 
treated elsewhere, between 1924 and 1929 

nital Detroit 3 patients have been treated m the past tno > 0 , . 

' Varil observers have reported the ineidence of osteo.nyehus of 

the ilium in their experience (table). 

Klemm reported 1,469 cases of osteomvehtis, 23, or l.oo p 

nvolving the pelvis, and 20 occurring m the ihum. 
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Treiidel, in fifty years’ experience, reported 1,058 cases of osteo- 
myelitis with 1,279 liones involved, of which 169 were flat or short 
bones. Twenty-eight were in the pelvis, 25 involving the ilium. This 
gives approximately 2 per cent incidence of osteomyelitis of the ilium. 

Frohner, in forty years’ experience, reported only 4 cases involv- 
ing the ilium in his series. lie combined the reports of various authors, 
namely, Lucke, Volkmann, Schede. Kochcr, Laiinelongue, liaaga and 
Brun. From these reports he estimated that 3.3 per cent of all cases of 
osteomyelitis involved the flat or short bones, with 33 per cent of these 
involving the ilium, or about 1 per cent. Von Bergmann reported 
seventy-one cases of osteomyelitis of the pelvis, about sixty of which 
involved the ilium. His intense interest in this lesion undoubtedly was 
a factor in his large series of cases, the largest group ever I'ecorded. 

Monsaingeon stated that in an active service at the Clinique 
Chirui'gicale Infantile, only 14 cases of acute osteomyelitis of the ilium 
were seen in thirteen years. Peeremans stated that in a hospital for 
children only 7 cases of osteomyelitis of the ilium, or 1.2 per cent, were 
seen in a total of 548 cases, but Michelson reported 137 cases in a total 
of 1,008, or 14 per cent, in a hbspital for adults. He concluded that 
osteomyelitis of the ilium occurs less frequently in the prepuberty than 
in the postpuberty period. 

AGE 

The greatest incidence of osteomyelitis of the ilium is before the 
period of complete fusion of the epiphyses, generally before 25 years 
of age. Von Bergmann emphasized that osteomyelitis of the ilium also 
developed in older persons. In a series of 71 cases the age incidence 
was as follows: persons under 15 years, 12; those from adolescence 
to 21 years, 27 ; older persons, aged from 25 to 40, 21, and those older 
than 40, 11. 

In my series 5 were over 25 years of age. However, one of the 
5 had the onset of her illness at 10 years of age. 

Monsaingeon stated that Cance reported the case of the youngest 
patient on record, that of an infant 16 days old. Broca reported a case 
of an infant 2 months old, and Fleury that of an infant 6 weeks old. 

The usual age period is under 25, but the condition may occur at 
any age. My youngest patient was 20 months old and the oldest 75. 

LITERATURE 

The first comprehensive article on osteomyelitis of the pelvis was 
published in 1883 by Paul Goullioud. Entering his surgical career 
coincident with the development of aseptic surgery, and associated with 
Ollier at a period when Ollier was tremendously interested in bone 
infecdon, subperiosteal resections and bone regeneration, Goullioud 
was in a perfect environment for the development of his thesis. That 
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hu .,..k aclvamaijc of his ojijiorlu.iiiy may l,e attested by any one who 
c.uls h.s paper for ,t presents the problem of osteom3-e]itis of the pelvis 
. lie 1 a eomplete and acenrate fasliion that it might well serve today 
as an authoritative document on this subject. 

h'rom a .surprisingly accurate knowledge of the development of the 
lames of the pelvis, associated with Ollier s teachings of the importance 
of the ju.\da-ej)iphyseal zone m long hones in the development of osteo- 
myelitis. Goulhoud concluded that the hones of the pelvis may be 
regarded as analogous to the long hones in their skeletal development 
and in their susceptibility to infection. “The pelvic bones grow by 
cartilaginous margins as do the long bones at their ends, and the limit- 
ing parts of these cartilages correspond to the epiphj'seal cartilages of 
the long bones. ^^'ith this developmental analogy of the bones of the 
peh is to the long hones. Goullioud conceived that the mechanism of 
infection would occur in the juxta-epiphyseal zones of the pelvic bones 
as it does in the long bones. With this idea as a basis, Goullioud 
divided osteoin3"clitis of the pelvis into two groups with distinct clinical 
syndromes corresponding to two periods of development of the bones 
of the pelvis. The first period extended from infanc3^ to puberty, at 
the end of which period the three bones composing the acetabulum fuse. 
The second period commenced with the ossification of the acetabulum 
and the appearances of the marginal epiph3-ses, and extended to the time 
of fusion of the marginal epiplu’ses, at about 25 years of age. 

The first period was characterized b3'^ a diffuse infection almost 
invariably occurring at the border of the acetabulum. This location is 
the site of the numerous ossification centers presenting spongy juxta- 
epiph3’seal tissue which corresponds to Ollier’s juxta-epiphyseal zone 
in the long bones which he felt was the most susceptible to infection. 

He states the infection might be periacetabular, in which case it spreads 
through the ilium, or it might be intra-acetabular and involve the hip 
joint proper. The second period was characterized by lesions occurring 
about the marginal epiph3^ses. The chief points of involvement of this 
late osteomyelitis of the ilium are the posterior and anterior superior 
spines of the ilium, the crest of the ilium and the inferior anterior 

Goullioud believed this classification was of great importance m the 
consideration of the treatment of osteomyelitis of the Hum. He fe 
that operative intervention for osteomyelitis of the pe vis s lou c i 
more courageous. In the acute form, Avhere the infection invoh eel the 

sapracotyloid area or the 

i"Lrchro„ic f^rn, the intervention varied noth the ,e.o„. 
according to its age and anatom.c location. 
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There are many interesting historical (acts presented in Goullioud’s 
paper. He refers to Boucher, who in 1779 was the first to trephine 
the ilium to drain an internal iliac abscess resulting from an osteo- 
myelitis of the pelvis. He stated that Leaute did the first recorded 
resection of the crest of the ilium. He reported a su1)periosteal resec- 
tion of the ilium performed by Larghi de Verceil in 1845, with 
recovery. He gives credit to Ollier for popularizing resection of bone 
as a proper procedure in the treatment of extensive osteomyelitis of 
the ilium as well as other bones, and for the important recognition that 
regeneration of the bone would occur if a subperiosteal resection were 
performed. He has collected a large number of recorded cases of 
osteomyelitis of the pelvis from the literature as well as reported his 
own cases. His bibliography is extensive. 

Von Bergmann of Riga, in 1906, reported 71 cases of osteo- 
myelitis of the pelvis in which he had treated the patients. He was 
greatly impressed by the scarcity in the literature of reported cases of 
this lesion, and by the high mortality rate. He felt that the high mor- 
tality rate occurred because the diseased area was not sufficiently 
excised. 

He recognized that temporary cures would occur in low grade infec- 
tions, either spontaneously or after palliative operations, but that after a 
longer or shorter period the patient would get sick again. He empha- 
sized particularly the need of removing the diseased bone, for if not 
removed, it acts like a cistern for the formation of new abscesses. He 
therefore urged radical methods in the treatment of this lesion, with 
resection of all of the diseased bone. 

Von Bergmann stated that Miller’s hemorrhagic osteomyelitis, 
Brun’s and Hancell’s rarefying type of osteomyelitis and the diffusely 
infiltrating spongiosa type of osteomyelitis occur in osteomyelitis of the 
ilium as well as of the long bones. 

He recognized the rare formation of sequestrums and the frequent 
perforation of the tables of the ilium. He also noted the marked thick- 
ening and sclerosis in the chronic cases of osteomyelitis of this bone. 

Von Bergmann advocated the most radical measures for osteo- 
myelitis of the ilium. He said : “The later in the disease we are called 
to operate, the more wide should be the resection ; if earlier, we can get 
away with partial resection, but in youth the best treatment is resection 
down to the epiphyseal cartilage.” 

He divided the types of treatment used in his 71 cases into three 
main grovips; 

Group I ; Partial resection 

A. Disease of marginal epiphysis or other localized disease 
Ilium 13 cases 

Ischium 2 cases 

Pubis 2 cases 

None of these patients died. 
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I?, r.-irtial resection in the clifTnsc type 
20 cases 

f 1 ease 

‘ ''■'»* "» mtkms were 

111 tills snhdivision, 17 patients died, 
uronp II: Total resection 

with'^ die "1 tins group. The hip joint was resected 

Mth the iluun in la. and there were 7 fatalities. 

’ oiip . hxtiriiatioii of tlic os innoniinatuiii and disarticulation of 

the lower eNtrcinily 

1 here were 3 cases in this group, and of these 1 was fatal. 

\'tm Bcrgmann fell that the mortality rate in subdivision B of group 
would have been nuicli lower had he done a total, rather than a partial, 
resedion. Me concluded that only a complete resection of the diseased 
jiclvis could better the poor prognosis. 

It is fpiite possible that the apparentl}' radical nature of von Berg- 
mann s operative treatment dela3'ed the acceptance of the truth of his 
stiitements. A review of tiie cases reported in the literature since 
von Bergmann’s reiiort shows surprisingly few patients treated as he 
advised. 

I\'Ionsaingeon, in 1911, reported 14 cases of acute osteoin3"elitis 
of the ilium in thirteen 3-ears’ experience. He believed Goullioud’s 
division of the disease into two age periods was what he termed very 
exclusive. He stated there were two main t3Tes; a subperiosteal 13^6 
of lesion and a lesion involving the growing bone area, a true osteo- 
myelitis. He subdivided the cases into three clinical groups; “(a) sub- 
acute t3-pe where the lesion is circumscribed in the beginning without 
severe s3anptoms either local .or general; (f’) acute t3Te where the 
primar3' lesion is ver3'’ serious, rapidl3'’ diffuse, and often accompanied 
by invasion of the hip; (c) very acute type where the general infection 
dominates the picture and where the local lesion is not in proportion to 
the severit3'’ of the infection, veiT probably a true septicemia type. 

With his theoiT of a subperiosteal lesion associated with an osteoperi- 
ostitis as a clinical lesion, he advocated incision and drainage in the 
cases of superficial subperiosteal abscesses without marked bone lesions 
He advises trephining the ilium if there is an abscess of the internal 
iliac fossa to drain property this abscess, or if the ilium is mat ^ec y 
infected. He stated that von Bergmann’s results in resection were no 
as successful as he maintained and advocated resection only as a las 
resoTif trephining failed to clear „p the syn.pt„„.e He men ^ned 

.„Vi,h,n, 
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into the rectum; a perforation of the colon in a case of sacro-iliac 
invasion from osteomyelitis of the ilium; several cases of severe arterial 
hemorrhage, and. phlebitis of the iliac vein, as well as pyarthrosis of 
the hip or sacro-iliac joint. 

In 1915, Simmons, discussing “The Treatment of Osteomyelitis,” 
reported 2 cases of osteomyelitis of the ilium out of 97 cases 
and stated that when a flat bone as the ilium is aflected drainage is 
about all that can be done. “Many cases seen early will heal without 
further trouble, but if necrosis docs occur, subperiosteal resection should 
be done in six to eight weeks.” In the first case three incisions were 
made and abscesses drained, and later two other operations for seques- 
trums were reported. In the second case, a trephine operation was 
followed later by resection of a greater part of the ilium. Both patients 
had sinuses at the time his paper was written. 

In 1917, Speese and Skillern reported a case of acute osteomyelitis 
of the ilium in which they drained an abscess in the external iliac fossa 
and a month later drained an abscess in the internal iliac fossa by the 
trephine operation, apparent recovery resulting. Geist, in 1921, 
remarked on the paucity of the literature on osteomyelitis of the pelvis. 
He reported 6 cases, 3 of which involved the ilium. He empha- 
sized two important points; (1) that in his 3 cases the pus always 
collected in the internal iliac fossa, and (2) that sequestration plays 
little part in osteomyelitis of the ilium. Geist advocated the trephine 
operation. His 3 patients were reported as cured. He stated that 
it was necessary in all of his cases to trephine in several places through 
the ilium before the pus could be reached. 

Peeremans, in 1923, reported 4 cases of osteomyelitis of the 
ilium, in which incision, drainage and removal of the outer table were 
done. Trephine of the iliac fossa was performed in a case. He advo- 
cated resections only in the very severe cases and felt that trephining is 
the operation of choice for drainage of the internal iliac fossa. It is 
significant that pyarthrosis of the hip joint with resultant ankylosis 
developed in 2 of his cases. 


Bearse, in 1924, reported 2 cases of acute osteomyelitis of the 
ilium in which he had treated the patients. He concluded : “If the 
ilium is perforated, incision and drainage is sufficient; with no per- 
foration or unsatisfactory bone drainage, trephine operation of the ilium 
should be done. If, however, the process is an extensive one, partial 
or total resection should be done.” In one case he used incision and 
drainage, and the wound was still draining at the time of his report; 
in the second case there was a perforation which he enlarged. 

Koulouch, in 1924, reported a case in which the abscess was located 
in tbe internal iliac fossa and was drained directly on the inner side 
of the anterior superior spine. One and one-half years later he exposed 
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a scqucsi™,,, posterior 
•■"Wll’ar i„ front of tl,e sLo-iliac 
' ■ * was found on the external surface just 

p.-,or,or ,o the acctalmlnn,. There were eeverai fistulas through the 
l one. All (hseasetl hone was retnovctl, hut resection was not done as 
!t was considered too radical a procedure. 

Hunn.sanli. in 1924. reiiorted in his experience 4 cases of acute 
o.stconn-ehti.s ot the duun with a mortality of 3, or 75 per cent. He 
emphasized the higli frequency of an abscess in the internal iliac fossa, 
•''H.si.w'stin”' ,18 ])ossil)lc factors that the pelvic periosteum perforates 
nioic easih and the iliac muscles strip more easily and the inclined plane 
of the jiehis tends to drain toward this fossa. He stressed the lack 
of s])re;ul of the infection to the viscera by continuity and gave credit 
to the jielvic diajihragm for preventing drainage into the true pelvis, 
f ie advocated incision and drainage in the very severe cases as a pre- 
liminar}' measure, quoting Professor Gatti : “Opening the wound helps 
not only the local but the general condition of the patient, attenuating 
the germs in the foens and removing just that much of the general 
symptows due to the enclosed focus.” In the diffuse cases he recom- 
mended trei)hining as jn-acticecl b)’’ Condamin. He believed resection 
sliould he done in the extreme case in which the squamous portion is 
bathed in pus. 

Flickinger, in 1927, reported a case of osteomyelitis of the ilium 
for two reasons ; first, because of tlie infrequency of a report of this 
type of case, and secondly, because no results after hospitalization have 
been reported. 

In 1928, one of Cabot’s case records contained a discussion on 
the differential diagnosis in a case in which the diagnosis of osteomyelitis 
of the ilium was not made until a biopsy done for the possibility of 
tumor demonstrated the inflammatory nature of the lesion. 

This concludes a complete survey of the literature on this subject. 

As most of the articles are in a foreign tongue, and the ivork of severa 
authors is so outstanding, a more comprehensive review than usual is 


given. 


development 

There is a single center of cfiondrification for 
bones composing the hip bone. These centers soon o 

a continuous cartilaginous hip bone winch gradually assunies a d 
form. An excellent conception of t e 

.bone may be obtained °“*,ttiiaaes appearing first in 

ears in the main o^^of -^^'“nd'^ P'-f 

A^l t:: o'sJiyig centers^ shown in figure Z The ram. of the 
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ischium and pubis are united by bone in the scvcntli to eighth year. In 
the acetabulum the three bones composing the hip bone arc separated 
by a Y-shaped cartilage until after puberty. The os acetabuli appears 
in this cartilage between the ilium and the pubis between the ninth 
and twelfth years. Union of the os acetabuli to the pubis occurs about 
puberty and soon afterward the acetabular portions of the ilium, ischium 
and pubis fuse. 





Fig, 1. Five months old ictus showing ossification in the ilium but no ossifica- 
tion in the remainder of the pelvis. The cartilaginous continuity of the pelvis is 
well shown. (Published, by permission, from the article by Rudolph Skarda; 
J. Tech. Methods, to be published.) 

Two secondary ossification centers for the ilium appear at about 
puberty, one for the crest of the ilium, and the other for the inferior 
spine of the ilium. The marginal epiphysis for the crest runs from the 
anterior superior spine of the ilium to the posterior superior spine. The 
appearance of the hip bone at puberty is well demonstrated in figure 3 
These secondary epiplij'scs fuse some^vliere behveen the twentieth 
and tlie twenty-fifth year. 
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AXATOAfV 

h is impracticable to i^ive a detailed anatomic description of the 
ilinm. I)iU there are several anatomic j)oint.s wliich properly should be 
stressed. iMrsi, the structure of tiic ilium is irregular. The thicker 

р. uts ol the houe consist of cancellous tissue enclosed within two layers 
ot compact tissue which are lined hy jicriosteum. The thinner parts, 
as at the hotlom of the acetahulum and the center of the iliac fossa, are 
so tiiin that they are usually semitran.sj)arcnt and composed entirely 
of compact tissue. 

Second, the internal and anterior slojnng of the internal iliac fossa 
with its termination at the ileopcctincal line is of great importance in 

с. xplaining the great prevalence of abscess formation in the internal iliac 
fos.sa and the tendency to jxnnt anteriorly in Scarpa's triangle; blocked 
from passing further into the true pelvis by the structures attached to 
the ileopectineal line, gravity forces the purulent collection forward rather 
than backward. 

ETIOLOGY 

The organism which is chiefly responsible for osteomyelitis of the 
ilium is Stajihylococcus jiyogencs-aureus. The causative agent is rarely 
Stapyhiococcus albus, occasionally the pneumococcus, and infrequently 
the streptococcus. In the vast majority of reported cases and in prac- 
tically all of my cases Staphylococcus aureus was the organism isolated. 
In one case tuberculosis was also recorded. 


TRAUMA 

Trauma undoubtedly plays some part in the development of osteo- 
myelitis of the ilium. Bounsanti believes that the ilium is most fre- 
quently involved in an osteomyelitis of the pelvis because it is the most 
exposed to trauma. Definite trauma is frequently cited in the history, 
and was quite frequently reported in my cases. 


PATHOLOGY 

Goullioud was the first to recognize that the ilium did not differ 
essentially from the long bones in the anatomic structure. If ^^ne 
considers the epiphyseal structures of the ilium, the bone is quite analo- 
gous to a long bone with its shaft and epiphysis. Juxta-epiphpeal zones 
with areas of rapid ossification centers exist in the ilium as in the long 
bones. Infections localize in these areas exactly as Ollier has demon- 
strated their presence in the juxta-epiphyseal regions in the long bones. 
Later, Lexer’s work with the injection of the nutrient vessels demon 
strated the rich vascular plexus about the juxta-epiphyseal regions Jn 
the ilium, corresponding to the similar areas in the long bone (fig. J- 
According to Lexer, the chief nutrient vessel enters the ilium on i s 
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visceral side at the posterior portion o£ the arcuate line, passes forward 
and upward, and then bends sharply from above toward the acetabulum. 
It soon divides into numerous larger branches which quickly spread 
in all directions as fine In-anches. 'J'hcse branches reach upward toward 
the edge of the iliac fossa and downward toward the acetabulum. Ihe 
acetabular part of the ilium receives the lowest tuftlike disseminated 
branches. 



Fig' 2. — Five and one-half months old fetus showing calcification quite advanced 
in the ilium. Calcification is now present in the ischium and the pubis. (Published, 
by permission, from the article by Rudolph Skarda : J. Techn. Alethods, to be 
published.) 

It has been fairly well accepted that acute hematogenous osteomyelitis 
develops primarily in the dilated tufts of the metaphyseal vessels if 
the infected emboli are small, producing local areas of osteomyelitis. If 
larger, the nutrient vessel itself may become plugged, producing exten- 
sive necrosi.s of the bone dependent on it for nourishment. This exten- 
sive necrosis of bone rarely occurs in the ilium because of the rich 
hlnod siqiply introduced by the periosteal vessels. The architecture of 
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111 pi o\ million of massive sequestration. 

'Vilenskv, in disenssinj; t|,c niechanism of act.fc osfcoinyelitis, spoke 
ol tile Hat bones as stiuclures derived excitisivciy from periosteal forma- 
(ion and irom two op]iosing periostea] surfaces. He stated; 

Practically s[R.akintr. tlie hioocl .supply of the bone is a double periosteal vascular 
netuork. be nutnenl artery circulation is ncgligibk. The form of osteomyelitis 
winch (Icveloi.s is determined by the physical characteristics of the vascular net- 
work ; pcrio.stcal aiul subperiosteal forms of inflammation are the rule. A dominant 
characteristic of osteomyelitis of a flat hone is that its development immediately 
de.stroy.s the osteoblasts that arc present. This explains the absence of any new 
lione formation, 'llie extreme of this occurs when a defect occurs in the entire 
thickness of the skull hone; the defect remains permancntlv. 

L lulcr ordinary circumstances the integrity of the bone is preserved by the 
physical part of the double periosteal origin of the hone; circulation and repair is 
maintained from the opposing surface to that in which the inflammation is seated ; 
and, as in other hones, the amount of destruction is limited to a superficial seques- 
tration. 

I cannot agree with \V'iIensk3'’s statements in regard to osteomyelitis 
of the ilium. Tlic ilium is not formed from periosteum but develops 
in cartilage from an ossif^’ing center. The periosteum undoubtedly 
pln}’S a part in its development, but it is essentiallj- a bone formed from 
cartilage. The nutrient artery is not negligible as Lexer’s injections 
demonstrate. Entrance of infection through the nutrient arter}^ at least 
until puberty, is probably the rule, as the vast majority of cases occurring 
before pubert}' show a diffuse, osteomyelitis developing about the acetabu- 
lum in the zone of greatest vascularity of the nutrient vessel in the 
analogous juxta-epiphj'-seal region of the long bones. Monsaingeon lias 
noted clinicall)' a type of osteomj^elitis which he classified as a periostitis 
with subperiosteal abscess formation. Monsaingeon also quoted Kirmis- 
son and de Rocher, who believe that the periosteum itself may be the 
primary focus. This agrees with Wilensky’s views. The frequency with 
which extensive bone changes developed in Monsaingeon's cases o 
sui5posed primary periosteal lesion w'eakens his theory o oiigin. 
frequent evidence in reported coses of “'“'" 5 '='’“; “V'’' ll'T 
fetation of one or the other table of the .l.niii or of both 

metaphyseal origin of the osteon, yeht s ' P;=;' 

dlfctla&llTy rioTL ioW bones? Von Bergntann in 
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this connection stated that siiould one make simply a diagnosis of infected 
periostitis in these cases and not make any further observations on 
the bone, the patient would not be helped by a simple incision. The 
softened bone which is left behind is always the cistern for formation 
of new abscesses. The softening spreads farther to involve the other two 
components of the os innoniinatum, and either the hip joint or the sacro- 
iliac joint becomes infected. 

In my cases of chronic osteomyelitis of the ilium, I did not note the 
absence of new bone formation that Wilensky described. In man}' cases 
involucrum formation was most extensive with numerous large and 



Fig. 3. — Ossification of the hip bone at about 13 years of age. (From Gray: 
Anatomy, Descriptive and Applied, Philadelphia, Lea & Febiger, 1924.) 

small abscesses lined with dense eburnated bone. Sequestration of any 
great size was very rare, although in several cases numerous sequestruras 
were recovered. The lack of large sequestration can be easily explained 
by the thin cortical structure of the ilium, which by its structure could not 
make a sequestrum of an)- great thickness. The cortex is so thin that 
sequestrums formed could easily be digested by autolytic ferment, caries 
and phagocytosis. 

I feel that the absence of extensive sequestration in the ilium is due 
not to the fact that the nutrient artery is never completely plugged, 
but to the generous blood supply of the double periosteum and its ability 
to nourislr and develop bone. It is chiefly in this characteristic that 
osteomyelitis of the ilium differs from osteomyelitis of the long bones. 
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■■<'r 'I'ZZj7r!!!."''']T osicomyCitk of the 

; .„Kl the oihcr. a (ifnu.sc tyjyc. Goaf/iot.ds obscr 

> > P (>pc.s ,s n, general sound. The diffuse type, arising in 
H ! nau.ahular reg.ou and diffusing ihrough the ilium and frequently 
' t«' tiK- lup jonil or les.s frequently invading the sacro-iJiac joint, occurs 
{Ik piej)uhet(y type. J he localized tyj/e occurs after puberty in the 
legion oi the marginal cpiphy.se.s, generally in the anterior portion of 
the ihuin and less otten in (he posterior portion where sacro-iliac inva- 
sion S'.iuetnues occur,. Rarely is the crest itself involved, and primary 
perio.stitis is a rare occurrence. 

itii the exception of sequestration, the same pathologic process is 
present ni osteomyelitis of (he ilium that is noted in other hones. Two 
outsl.inding features shoidd he observed: first, the frequent tendency 
to peiloiation. and second, the i^reai tendency of an abscess to develop 
which points in the interna! iliac fossa, stripping the w'sceral periosteum 
and the iliacus nutscle from (he internal table, and then tends to gravi- 
tate into Scarpa s triangde. posteriorly to the sacro-iliac joint or posteri- 
orly at the triangle of Petit or at the greater sciatic notcii. The absence 
of massive sequestration is also characteristic. 

DIAGX^OSIS 

The diagnosis of acute osteomyelitis of the ilium is wade difficult 
by several factors. First, the patients are acutely ill, and in many cases 
profoundly .so; the general sjmiptomatology frequently overshadows 
the local lesion, and the patient, dull and apathetic, does not offer much 
aid. Second, in the diffuse type of osteomyelitis of the ilium the lesion 
is situated so deeply from the surface that local palpation is not often 
of ^'aIue. The local marginal involvement about the crest will frequently 
demonstrate tenderness on palpation, and the diagnosis of this tj'pe is 
much simpler. Third, the dose proxin/ity of the hip joint to the site 
of the infection associated so frequently with symptoms of involvement 
of the hip joint makes it difficult to differentiate behveen an acute osteo- 
myelitis of the ilium and a pyarthrosis of the hip. Under guarded move- 
ments in osteomj^elitis of the ilium, not involving the hip, « ^ ° 
motion Kill be obtained Khiel, would be incons, stent 
Akn the deformity of a pyarthrosis of the lup is a flexion, ahcl net 
m.d 'eltSl fOlndon, wheLs in os.eom.veiitis 0 , <1.= 

p,attbtosis. tbe 

qlient factol ni jnfremiency wliich makes one forBCtful of Us 

r>us diagnosis should always be consideted as a possibilily 
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in a patient with high {ever, leukocytosis, ]Miin in the region oi the hip, 
guarded motion o{ the hip and possibly local tenderness over the ilium. 

Errors in diagnosis of this lesion are common. ■ In my series a large 
number of the patients were thought to have typhoid fever. Tubercu- 
losis is frequently blamed, and rheumatism is often a diagnostic error. 
It is not unusual that patients with acute osteomyelitis of the right 
ilium are operated on for acute appendicitis. The most important dif- 
ferential diagnosis, however, lies in the distinction between osteovnyelitis 
of the ilium, pyarthrosis of the hip and osteomyelitis of the upper third 
of the femur. Absence of tenderness along the shaft of the femur and 



Fig. 4. — Nutrient vessel of the ilium. From Lexer’s “Untersuchungen fiber 
Knochenarterien.” 


ability to move the hip, if motions are gently performed, point to osteo- 
myelitis of the ilium. 

In its clinical appearance acute osteomyelitis of the ilium may be 
divided into three types as described by Monsaingeon. 

Type 1. — This type is localized osteomyelitis of the ilium, involving 
the areas about the crest or the spines of the ilium. The onset is of 
moderate gravity accompanied by a much less intense general reaction. 
The localization of the symptoms is quite definite, and because of the 
siqjerficial location of the lesion, early abscess formation is noted. 
Diagnosis is much easier in this type of case, and treatment can be 
imstituted much earlier. As the parts are easily accessible, the treatment 
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'Jyl>e 2.—TlK (liTinsc Ijpo of osleomyelilis of ll,e iliim,, soon raner- 
l^lly ,n ,l.c ,„cpMl,c.,-,y poriod of lifo, f. characterised by a n.„ch „,o“ 
acitie loc.il and seiierai reaction mill riiiitc profound toxemia. Local 
.M-niptoins arc marked, hut (he general reaction is generally severe. 

3. J his t \ pc sliow.s a most jn'ofonnd general reaction with 
1 local symploms^ insigiiiriaiiu in comjiarison. A septicemia with 
visceral metastascs is generally jiresent, and the osteomyelitis of the 

mum is merely one of (he local manifestations of severe and generalized 
infection. 

SICh'S .AM) .SViArPTOSf.S 

i he local .symptomatology of osteomyelitis illustrates certain factors 
of importance in recognizing this lesion. Pain is the outstanding symp- 
tom and is gcnerall}' felt in the hip, frequently in the region of Scarpa’s 
triangle. Occasional!}' the pain is felt posteriorly, about the sacro-iliac 
joint and may he referred along the sciatic nerve (Kolouch’s case). 
Geist cmiihasized the fact that in his three case.s the pain was referred 
to Scarpa's triangle, and there was no pain in the internal iliac fossa 
with abscesses in tin's fossa. The deformity is an important sign in 
tlic differential diagnosis. With p 3 'arthrosis of the hip joint there is 
generally a marked flexion, abduction and external rotation deformity. 
Any attempt at change of tin's position is resisted by the patient. In 
o.s(comye]ili.s of the ilium, with an abscess of the internal iliac fossa, 
there is a tendency to assume this same deformity. However, this 
deformity is much less marked and is chiefly flexion. Motion of the 
hi]> can be performed gently with the chief restriction in extension. 

Tenderness to palpation is of definite value in the localized maiginal 
lesions. Occasionally palpation reveals marked bony tenderness in the 
supracotyloid area. A diagnosis on .such a finding was substantiated 
by roentgenograms and ojieration by Dr. V. L. Hart fverbal report) 
at Ann Arbor recently. Palpation .should be made on either side of 
the ilium. In the chronic cases, one often feels a thick indurated .swcl/mg 
in the internal iliac fossa winch is tender to palpation and wine i Has 

not previously been noted by the patient. . ^ 

quently disclose swelling on the affected side of the pelvis n i 

not have been ])al])ated in front. 

The frequency of swelling in Scarpa’s triangle ' j 

„.c subacute c»,,cs. Ind„.ario„ about the muiu — „ ul, , 

prominence of the superficial veins and local 
occasional!}'. 
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The general findings of osteomyelitis elsewhere arc seen here in 
that the temperature is high, chills arc frequently recorded, there is a 
rapid pulse rate, and a Iiigh polymorphonuclear leukocytosis is generally 
present, 

KOr: N TGE K EX AM I N AT 1 0 N 

In the acute case roentgen examination is of little value. With the 
improved soft tissue technic of today, one can occasionally visualize soft 
tissue swelling lateral to the outer cortex of the ilium, which aids some- 
what. The roentgenograms taken later in the disease first show a 
mottled appearance with loss of sharp detail generally noted in the 
ilium. Later, the marked osteosclerosis, the so-called “marble appear- 
ance,” is demonstrated. In my experience this generally means abscess 
formation lined by eburnated bone. Sequestration is rarely seen in 
roentgenograms. The changes noted in the roentgenograms in the chronic 
cases are frequently bizarre and make the diagnosis difficult from the 
roentgenologist’s standpoint. A recent case record of Cabot in which 
a chi'onic osteom 3 'elitis of the ilium was diagnosed as a sarcoma illus- 
trates this difficulty. However, a good conception of the chronic case 
can often be obtained by roentgen examination, especially in the localized 
cases. Perforation is frequentl)^ noted on roentgen examination. 

The localized abscesses just above the acetabulum in two of my 
cases are excellently demonstrated by roentgenogram (figs. 7 and 9). 

In the chronic case the diffuse type of osteom 3 "elitis of the ilium 
shows a dense thickened bone with areas of rarefaction here and there, 
and frequently bony overgrowth can be demonstrated on the external 
surface of the ilium (fig. 11). 

TREATMENT 

The treatment of osteomyelitis of the ilium may be divided into 
three phases of the disease; the acute, the subacute and the chronic 
stages. 

The treatment of the acute phase is subdivided as to whether it is 
a diffuse or localized osteomyelitis. As Goullioud has shown, the age 
of the patient is of considerable aid in determining this point. The 
cases of the prepuberty type are generally diffuse, and the osteomyelitis 
begins in the pericotyloid region. The cases of the postpuberty type 
are generally localized, and the disease begins about the marginal 
epiphyses. Monsaingeon’s subdivision of the acute group into the three 
types is as follows; (a) subacute or localized lesion, (b) acute or diffuse 
osteomyelitis and (c) very acute diffuse osteomyelitis with probably 
generalized septicemia. 

These divisions have alreadv been described. In t 3 -pe a localized 
to the marginal epiphyses it is wise to incise, drain and eradicate the 
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mvolve" b„„c f,,, <„..., i„a.,c ou.wnrd for the bone irself. 

hm.l.l) <l,aM.„,ir ll,c abscess miyl.i be siifficic.t i,. a Imv sracle infection, 

ml ,1 urulciil mfeclton , night spread rapidly in a very few hours 
thioughoul the ,s(|iiamoii 3 portion of the ilium. I do not advocate 
eNtonsn-e re.scciton in the early stages, but feel it is necessary to e.vpose 
tlimoiighly the involved bone area so that infection in the bone will 
not develop pus under pressure and so that free e.-cit of pns is secured. 
Later in the jiro^rrcss of the disease a localized resection of the involved 
aiea may he necessary. J his tyi)c of localized involvement is the most 
favorable for treatment. 

T}’pc h is the diffitse t_\-pc in which the patient is seriously ill. Here 
one imist consider the geijcrnl condition of the patient as well as the 
loCiil condition. Starr stated that the earijt acute stage of inflammation 
with pressure from c.xndates is always accompanied by the clinical 
symptoms of pain and intense toxemia. This is also the stage of 
greatest danger from septicemia. “Early drainage with relief of pres- 
sure alleviates the clinical .s\nij)toms.” I believe it also lessens the 
chance of a se[)ticcmia. In the early acute stage there will be no 
abscesses outside of tlie bone, so one must be prepared to enter the 
bone on the strength of one's diagnosis. The e.Kternal table should be 
exposed by the Larghi method. It is in this type of a case that the 
trephining of the ilium abo\'e the acetabulum is of greatest value. It 
opens directly into tlie vety seat of the infection and tends to drain 
both the interior of the bone and the internal iliac fossa. It can produce 
little harm in case the diagnosis of early osteomyelitis is wrong. This 
is essentially the function of the trephine operation and not, as has 
been advised by most authors, its employment for drainage of a recog- 
nized internal iliac abscess. 

When acute osteomyelitis of the diffuse tjpe has progressed a few 
days there will be in many cases a spontaneous perforation of one or 
the other table of the ilium with an abscess foimation snbpei iostea! 
in either the internal or the external iliac fossa. This occurs by _f al- 
most frequently in the internal iliac fossa. If this abscess is rccogm zee 
clinically, one need not consider the trephine as a diagnostic mea.siire. 
Osteomyelitis at this stage is much more extensive than in the early 

case, and the prognosis is more grave. .oo-.f-irmrv 

In this case it is wise not to attempt a questionably satisfactory 
drainage by trephining through the Aving of the ilunn as is comm . 

adA'ised. 


If the patient is extremely toxic, o-- -- 

drain the abscess, drainage done being 

of L:c/ Tbvu i„ a few days, when .1.0 pa.ieu, ,.s .n bc.ev 


it might be well first merely to 
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physical condition, proceed with tlie more radical hone operation. ] Jow- 
ever, if the ])aticnt’s condition will tolerate it, it is better to do llic 
radical operation at once without the ])reliminar_v drainage. Ihe ilinni 
should he exposed subperiosteally on both table.s to the arcuate line. 
Resection of the wing of the ilium, to the .snpracotyloid jxirlion is easily 
and quickl}’ done by rongeur or osteotome. TIic diseased bone should 
be removed and resection as extensive as necessary should he carried 
out. The disease rarely extends into the hip joint, but in such cases 
complete extirpation of the ilium should be done. As von Bergmann 
demonstrated, this can be done in patients under 13 years of age by 
avulsion as the cartilage of the ilium has not yet fused to the ischium 
and the pubis. Generally, however, in these early cases, it will be neces- 
saiy onl}' to remove the ilium to the jjeriacctalnilar region. Adequate 
drainage is then established, I'egeneration of the ilium follows, and 
hope of a complete recoveiy without recurrence is good (case 1). This 
operation is no more shocking and no more difficult than the trephining 
operation. In case 1, the total time for the operation was twenty 
minutes. 

This procedure of adequate drainage of both the abscess and the 
bone infection offers the patient not only the best chance for life, but 
a good chance for a permanent cure of the infection. 

Type c is the diffuse type with an extensive overwhelming general 
infection. Whatever treatment one emplo)'s will be open to criticism. 
I feel certain in this group, however, that the only chance is in raising 
the patient’s resistance by eradication of all possible local involved 
areas. In spite of the extremel}’’ high mortality rate in this group, the 
resection of the ilium is indicated in these cases. 

SUBACUTE OSTEOMYELITIS OF THE ILIUM 

The treatment of the subacute form of osteomyelitis of the ilium 
should be differentiated into the localized and the diffuse type. As 
the roentgenograms are of great value here, it is possible at this stage 
to have quite a definite idea as to the extent of damage and the location 
of the lesion. In the local type, local resection of the involved ai'ea 
is easily carried out and should be the operation of choice. In the 
diffuse type, one may do either a resection of both tables or a removal 
of the outer table and diseased bone to the inner table. The best 
procedure is complete eradication of both tables, and there is more 
certainty of a complete cure. One point which should be emphasized 
here is that one cannot wait for sequestration to occur as is frequently 
advised in subacute osteomyelitis in long bones. The problem is quite 
different. In osteomyelitis of long bones the continuity of the shaft must 
be maintained for weight-bearing. Therefore, one is verv reluctant to 
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u u,^^ ^ ahl. born-. J be of the ilhuv is not essential for function 
. can be sacnJicerl ,f ncccssnry. Sequestration does not occur here 
as ,n tbe lon^r Iiones, but multiple diffuse abscesses with occasional 
small scqncstnnm are j, resent. With complete resection all diseased 
)onc IS removed, and during- regeneration in all probability a new 
liealtln- duim will form. 


CirUONIC OSTEOMYELITIS OF THE ILIUM 

Chronic osteomyelitis of the ilium is a problem in itself. I have 
attemjitcd icmoval of the outer table only, with complete saucerization 
of the abscesses, but a diseased area is apt to be left behind. The 
ticinendous thickening that occurs in the ilium in chronic osteomj'elitis 
makes it difticult to tell when one is near the inner table, and frequently 
there are abscess cavities under the inner table perforating into the iliac 
tossa. 1 he operation of resection is not much more difficult or shock- 
ing than saucerization, and I would advocate resection of both tables. 
It is rareh' necessary to do a complete resection in the chronic case. 
When the wing of the ilium to the supracofyloid region is removed, 
diseased bone in the body of the ilium can be eradicated by curettement 
and saucerization to healthy bone. The situation is ideal for sauceri- 
zation. as the visceral muscle group and the gluteal group completely 
obliterate the cavit}'. 

POSTOPERATIVE TREATMENT 

In the greatest number of my cases I have kept tbe wound wide 
open with packs, using the Carrel-Dakin method. Thus, the wound 
has granulated in from the bottom. Lately I have used treatment with 
gauze smeared with petrolatum and have been great!}’' pleased with the 
results. Secondary closure of the wound has been done in a few of 
the cases with a much better resultant scar. 


TECHNIC OF RESECTION- OF THE ILIUM 

An incision is made just below the crest of the ilium, extending from 
the posterior superior spine of the ilium to the anterior spine and 
is then extended onto the thigh lateral to tbe sartorms. The fasaa is 
cut through about one-half inch below the crest, the muscles are stripped 
close to their attachment to the crest, and the periosteum is inciscc 
along the line of the skin incision close to the crest By 
reflection with a sharp periosteal elevator, the S 
stripped down to the acetabular rim. The interval between the ten 
iS femoris and the sartorilis is exposed to allow retraction of .1 
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attacliecl to it. In older persons von J3erginann advocated cliiseling oft 
the crest of the ilium to maintain these attacliments. J have found 
it simpler and as effective to continue the subperiosteal dissection over 
the crest of the ilium, separating the abdominal muscles, the latissimus 
dorsi, the quadratus lumborum and the spinac ercctac from their inser- 
tions. When this has been completed, tbc abdominal contents fall 
awa}', exposing the wing of the ilium beautifully. The inner table is 
then stripped subperiosteally to the arcuate line of the ilium. The 
falling away of the abdomen makes retraction very simple (fig. 15). 

In the chronic case this subperiosteal dissection will be somewhat 
difficult because of scarring due to perforation and involucrum, but the 
stripping can be done if one is patient and persistent. Hemorrhage is 
a negligible factor as long as one keeps the dissection beneath the 
periosteum. 

To obtain a better exposure, the sartorius and Poupart’s ligament 
may be stripped from the anterior superior spine. 

One may then remove the ilium to the supracotyloid region eii masse 
by motor saw or osteotome, if necessary back to the sacro-iliac joint. 
In the chronic cases, I define the extent of the lesion and remove the 
involved area cn masse if possible. In the acute cases I rongeur through 
the ilium to note the extent of the infection, progressing through dis- 
eased bone to what is considered normal bone. 

If it is felt that a patient with an internal iliac fossa abscess is too 
ill for such an operation, drainage of the abscess by an incision through 
the anterior third of the ilium with subperiosteal dissection of the 
internal table into the internal iliac fossa direct is advocated. Later, 
if the patient responds to this drainage, more radical exposure of the 
ilium can be performed. 

If the posterior portion of the ilium or the sacro-iliac joint is chiefly 
involved, I have used the approach to the ilium which Smith-Petersen 
employs for arthrodosis of the sacro-iliac joint, but I have also resected 
the posterior third of the ilium. In several cases I have combined the 
anterior and posterior approaches for a complete exposure of the ilium. 
By removing the ilium posteriorly, a perfect exposure of the sacro-iliac 
joint is made which gives the best drainage possible for this joint. 

RESUME OF THE TWENTY-FOUR REPORTED CASES 

The age incidence in my reported cases varies from 20 months to 
70 years of age. Four of the patients were over 25 at the onset of 
their infection. Only 4 of the cases could be classified as in the 
acute stage and would fit better in the subacute stage, as four weeks 
had elapsed before I saw them. The longest period from onset of the 
infection until I saw the patient was twent)’-five years, another was 
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nine A’cars aiui another eicrlit vears 

;«sl<«y of (rauma ivliici, I, ore a dose relationship to the 
infection. ' 

'i'licn 


Eleven patients gave a definite 
onset of tile 


re were IS males and 6 females in this series, ratio of 3 - 1 
Senons nn-oh-ement of the hip joint occurred in a large proportion 
of the cases, bony ankylosis occurring in 9 , fibrous ankylosis in 2 
and pathologic dislocations in 3. The presence of the pathologic 
cli.slocations m 2 cases was apiiarcntly the result of the patient's 
spimtiiig the abducted hip with the well leg, throwing the well hip into 
adduction, fiexioii and internal rotation with a resultant dislocation of 
the well hip. 'J'liesc cases led to further study with my former 
associate. Hart, of the mechanics of pathologic dislocation of the hip, 
and our study was recently published b}' him. 

There were marked symptoms of hip irritation noted in cases 3 and 
/. an abscess cavity being j)resent in both just above the acetabulum. 
The patient in the first case recovered with no involvement of the joint, 
but in the second a stiff hip developed following an operation performed 
elsewhere. 

In 3 cases (cases 1, 22 and 11) of acute diffuse osteomyelitis of 
the ilium, the hip was not involved, although marked irritation of the 
hip was present clinical!}'. Radical resection or removal of the outer 
cortex of the ilium for drainage was employed. 

In 5 other cases the hip ^vas not involved because the lesion was 
local and involved the anterior third of the ilium. Two cases involved 
the posterior third of the ilium and invaded the sacro-iliac joint, not 
affecting the hip. 

In my series there were 14 cases of diffuse osteomyelitis of 
the ilium. Ten of these patients were 14 years old or younger. One 
of the remaining four was 17, and in this case the infection of the 
ilium was a secondary lesion to a multiple osteomyelitis. Another 
patient was 16 3 ’^ears of age, and two were 15 3 'ears. 

There were 10 patients with the localized type of osteom 3 'elitis of 
the ilium, 9 of whom were 15 years of age or oi’er. 

These facts certainly strongly substantiate Goullioud's prepuberty 
and postpubert}^ divisions as a means of deciding whether t :e esion 

diffuse or local. ^ 

In mv series of 24 cases the final results were seen. Ivo 

deaths occurred, one from chronic suppuration followed by anpdo.dos.s 
with brain abscess as the terminal picture 


In 1 case (case 15) a recurrence natient in 

of the Hit™ was reported three years after operat, on T pat n 
case 24 is in excellent health, tat has a small simts with 1 tile disc S 
X tota esection would have been a better procedure in her as . T 


of infection in the posterior third 
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he is greatly improved generally. In case 18 the patient is gieatl) 
improved but still has a small sinus. In case 20 th.ere was great improve- 
ment, but the resection was not sufhcienlly extensive. 

Resection of the wing of the ilium was done twelve times, ]rartial 
resection of the anterior or ]iosterior third in 5 cases, removal of the 
outer table of the ilium accompanied by saucerizalion of the ilium in 
4 cases, sequestrectomy and drainage in 1 and saucerization of an 
abscess just above the acetabulum in 2. 

Seventeen of the 24 patients have been completely cured. B\- 
cured, I mean the sinuses have become obliterated, the patient s 
general health has returned to normal, and he is apparently well. Some 
of these patients have remained well for years, others for shorter periods. 
It is possible that they may have some recurrence, but the picture now 
is entirely different from that when they first consulted me. 

REPORT OF CASES 

Case 1. — J. L., a boy, aged 20 months, entered the Henry Ford Hospital on 
Aug. 5, 1929, and was discharged September 19. Four weeks before admission a 
“boil” was noticed over the right thigh and was opened by the mother a few days 
later. Fever developed, and the child was severely ill, his temperature being 104 F. 
A small abscess developed over the crest of the ilium, which was lanced by the local 
doctor, and dark blood was obtained. The fever persisted. Roentgenograms 
showed a destructive process in the ilium a week before admission. 

On examination the child was profoundly toxic and apprehensive. The right leg 
was held in abduction, flexion and external rotation, and there was marked muscle 
spasm. Gentle motion allowed a fair range of movement. There was marked 
tenderness above the trochanter and about the ilium with tliickening and tenderness 
on palpation on the mesial side. Leukocytes were 14,500, and the temperature was 
101 F. 

A roentgenogram showed a mottled appearance of the ilium with a traveling 
acetabulum and one area which looked as though it might perforate into the hip 
joint. The roof of the acetabulum was displaced upward, and the head appeared 
partially subluxated. 

The child was given fluids intravenously, and operation was performed on 
August 7. Incision from the anterior superior spine of the ilium to the posterior 
spine carried through to the bone. Subperiosteal reflection of the external table 
was done. There was no evidence of pus externally, but on breaking through the 
cortex a few drops of pus were found in the posterior angle of the ilium. The 
cartilaginous rim was removed from the crest after von Bergmann’s method with 
the abdominal muscles intact. The inner cortex of the ilium was exposed, opening 
into a large abscess cavity filling the internal iliac fossa which drained profusely. 
Numerous cloacae opened from the internal table to this abscess. The ilium was 
removed by rongeurs, leaving only a little of the anterior and the posterior portions 
down to the arcuate line of the ilium. 

The spongy bone left behind seemed normal. The wound was left wide open, 
and Carrel-Dakin’s treatment instituted. Traction was applied to the hip. The 
child did remarkably well and was discharged on September 19, with the wound 
almost healed. The hip was entirely free from symptoms. On Feb. 21, 1930, the 
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the lesion must Ila^e been present prior to the injury in order to produce such a 
•sudden reaction. The patient was operated on; pus was found in the soft tissues 



Fig. 5 (case 1). — Roentgenogram showing A, the typical mottled appearance 
seen in osteonij'elitis of tlie ilium in the earlj” stage. This was taken from three to 
four w'ceks after onset. Note the traveling of the acetabulum and the destruction 
chiefly in the periacetabular region. This is the usual site of origin of infection 
in the diffuse type of osteomjxlitis. B, roentgenogram taken after operation. 
Extensive resection of the ilium to the body had been performed. The body portion 
was then given perfect drainage. Note the improved appearance of the hip joint. 
C, roentgenogram showing extensive regeneration of the ilium si.x months after 
operation. The hip joint looks quite normal. Note the improvement m the 
periacetabular portion of the ilium. 


and the bone was found to be infected. Curetfement and drainage 

The wound healed, but would break down and discharge at mterva s^ The ^ o 

had been healed for as long a period as two or three T e Lsion 

senuprofessional boxer, and blows in the ring precipitated 
interfered with his boxing and although he felt well, he wanted • 

Physical examination showed an old scar Wc 

with a small draining sinus in the inguinal ° ^ j Esamina- 

anterior superior spine of the ilium there was also an old healed sinm. 
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tioii at that tiinc showed oiarUed thickcuiug of the wins; of the ilium and loCtd 
tenderness. The natient was a very well built, well appearing man. 

He was operated on in October, 1929. The anterior two thirds of the ilium 
was exposed with difficulty because of massive involucrum formation and was 
removed by means of an osteotome. Numerous abscesses were found throughout 
the ilium, one in the anterior superior spine pointing toward the .sinus. Five 
abscesses were found in the wing of the ilium. The wound was packed wide open 
with gauze treated with petrolatum. No scciucstrums were found, but the ilium 
was almost five times the normal thickness, hard and eburnated with mimcrous 
walled off abscesses. 

On December 29, a secondary closure was performed which healed by primary 
intention. 

In January, 1931, at the time of the last observation, the patient had been 
entirely free from difficulty since operation. He is a professional boxer and had 
engaged in a bout every six weeks for the past six months. Roentgenograms taken 
at this time showed almost complete regeneration of the ilium. 



Fig. 0 (case 2). — A, roentgenogram showing extensive involvement of the 
anterior two thirds of the ilium, chronic osteomyelitis with abscess formation and 
perforations. Note the absence of involvement about the periacetabular region. 
This is the local bone lesion seen in the postpuberty stage. B, roentgenogram taken 
following resection of the diseased bone. Gas in the bowel causes the apparent 
rarefaction in the remaining portion of the ilium. Note how sharply one may 
resect out the involved area in chronic localized osteomyelitis of the ilium. 
C, roentgenogram showing regeneration following resection one year after opera- 
tion. 

Case 3.— R. M., aged 21, a college student, entered the University Hospital in 
September, 1926, with pain in the right hip of two weeks’ duration. There was a 
recurrence of symptoms in February, 1927, of one month’s duration, but severe 
enough to take the patient out of school for a semester. He had another attack 
of two days’ duration last summer. The last attack began on March 22, 1928, with a 
painful hip. The leg was held in a position of abduction, flexion and external rota- 
tion with muscle spasm and limitation of motion in all directions. The temperature 
on admission ranged from 99.6 to 102.2 F. The leukocyte count was 16.000, and 
there were 4,800,000 red blood cells. The hemoglobin was 87 per cent and poly- 
morphonuclcars 78 per cent. 

Stereoscopic studies of the right side of the pelvis demonstrated several well 
defined areas of rarefaction with a sclerosed border in the lower part of the ilium 
just a!)ove the acetabulum. No involvement of the hip was noted. 
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<- I.um uas nnrl „»s wn.s found hcim the gltUcus nicclius and tensor 

>. t . . Ji.e pus was cut, rely extrncapsuJar and came from tJ.c ilinn, throng!, a 
■ 1. o/>tnuig just nhove the acctaJurluni. The cortex of ! 3 one was removed by 
.Means of an osteoto.ne. and ti,e bone was ebnrnated. /\ cavit)' f,!icd ^vlth pus was 
e.\I)o>ul. JJus ca,nty Jed nito two deeper cavities filled with pus. These cavities 
were sauccrized, Cnrrel-IDal<in iiil,es inserted, and tl,e wound left wide open for 
draniape. JJacfenoIogic c.vaniination sJiowed Staplijdococcus aureus. TJ,e patho- 
logic reiiort was “jnirulcnt osteomyelitis wifliouf tubercles.” 


J lie patient s convalescence was uneventful ; the wound remained clean, Jiealed 
rapidly, and tJie symiitoms in the liip disappeared completely. He was discharged 
Iron, the hospital with a nnnweiglit-Jjcaring caliper on April 27. 

On I*el). 8, 1929, at the time of the last observation, the patient had been free 
from all symptoms, had gained 20 pounds (9 Kg.) and his genera! health was 
e.xcellent. 1 here was a small iiinpoint sinus in the scar, from which there was 
no drainage. 



Fi" 7 (case 3). — H, roentgenogram showing localized abscess in the peri- 
acetab“ular region not involving the hip joint. B, roentgenogram made after 
operation. Saucerization of the abscesses was done without mvolvmg he 
acetabulum. C, roentgenogram taken after clinical cure was obtained. Aote the 
apparent bone obliteration of the cavities. 


Case 4.-C E. a-ed IS, entered the University of Michigan Hospital on Noy. 23, 
1923, with chronic suppuration, marked deformities of 
sinuses. The onset was a year prer^us to a^issimn^ There - 
left hip and anterior aspect of the thigh. T P Po.spital at 

acutely ill and was kept in bed. On D-- -J’ Ltc. He was 

Lansing, Michigan, where a and the ankles developing: 

in the hospital six weeks, swelling m t P , abduction and 

the left shoulder became sore and the P of adduction, flc.xion 

..«r„al rolatic, <..f«rn„V ™ • ' S-s i. Scarpa. .™p«.c 

Hospital. 
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Physical cxaininalion showed an anemic scrawny child. A hard mass was felt in 
both lower abdominal quadrants in the region of the internal iliac fossa. This mass 
was not fluctuant. There were iliac abscesses. The left shoulder was limited in 
abduction especially, but in all motions somewhat. The right hip was held in 
abduction, fle.xion and internal rotation. There was a flc.xion contracture of the 
knee. There was marked limitation of motion of the hip in all directions. The 
left hip was ankylosed solidly in abduction, fle.xion and external rotation. There 
was a flexion contracture of the left knee. 

The patient was given fluids and two transfusions. 

On Dec. 18, 1923, operation was performed, and the abscesses in left Scarpa’s 
triangle incised and drained. On Jan. 12, 1924, the right anterior abscess rvas 
drained. On January IS, the left sacro-iliac joint was drained by Smitb-Petersen’s 
approach. 

Roentgenograms showed pathologic dislocation of the right hip with absence of 
the head. The left hip showed bony ankjdosis. 

The patient’s general condition was not good at any time, and it was felt that 
he would not stand extensive operation until be could be put in better physical 
condition. He showed clinical evidence of ani}’Ioidosis. The urine contained 
hyaline and granular casts, 200 white blood cells, many cocci and a few bacilli. 
Numerous transfusions were given and incision and drainage of the abscesses 
performed several times. 

On July 3, the patient appeared in fair condition for him, so an attempt at 
resection of the ilium was made. The incision under the crest tvas used ; the 
ilium was exposed and found to be filled with abscesses. The outer table was 
removed and Carrel-Dakin’s tubes inserted. 

On August 17, the patient died of symptoms corresponding to those of brain 
abscess. 

Case 5. — C. H., aged 14, entered University of Michigan Hospital on May 13, 
1924. The onset of his condition was the year previous with pain in the right 
hip, which was severe, confining him to bed. A week later the leg was in fle.xion 
deformity. The patient was taken to a hospital, where he remained for seven 
months. The right hip discharged spontaneously, and there had been a discharging 
sinus there since. Two months before admission, the opposite hip became painful 
and finally opened spontaneously, leaving a discharging sinus. 

Physical examination showed the right hip in a position of marked external 
rotation and abduction, and the left hip in a position of adduction and flexion, with 
limitation of motion. There were no areas of tenderness over the femoral shaft. 
There was a sinus in the posterior aspect of the left thigh and two sinuses in the 
upper third of the femur. The right hip was ankylosed in a position of 60 degrees 
abduction and 15 degrees flexion. 

The diagnosis was pathologic dislocation of the left hip, osteomyelitis of the 
trochanter and upper third of the left femur and osteomyelitis of the right wing 
of the ilium with e.xtensive involvement of the acetabulum. 

On May 17, the ilium was incised and drained, and numerous small sequestrums 
were removed. Bacteriologic examination showed staphylococcus with slight 
hemolytic tendencies. 

On June 7, saucerization was done. 

On June 21, saucerization of the femur was done followed by dislocation that 
afternoon. Dislocation occurred after this operation for osteomyelitis of the 
trochanter, very probably influenced in part by loss of the gluteus muscles and 
abduction of the opposite leg. 
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oil 'w?r’’,i'^“'’ f" °''''‘ trochanter was inched and drained. 

rcsiSations i “ temperature of 10].8 F., pulse rate 90, 

•. ““’ ^ tJare-iip in flic right lower quadrant Just above the anterior 
superior spine and an abscess in the lower lumbar region. At this time the urine 
siiowed albumin d +, casts and white blood cells. There were 40,000 leukocytes. 

On April d, an abscess in the lumbar region was incised and drained. 

On Feb. 21, 1928, osteotomy was done to correct the deformity of the ri<^ht 
liip. “ 



Fig. 8 (case 6). — A, roentgenogram showing subacute osteomyelitis of the 
ilium of the diffuse type with invasion of the hip joint. Note the mottling with 
areas of increased density intermingled with rarefied areas. R, roentgenogram 
taken after operation ; partial resection and excision of the outer table was done. 
Numerous sequestrums were found in the supra-acetabular portions of the body of 
the ilium. 


On April 4, suppurative parotitis developed. 

Death occurred on April 8 from pyemia. 

Case 6. — L. L., aged 13, entered the University of Michigan Hospital on 
Oct. 6, 1924. The condition began with a painful left hip on September 4, following 
a severe cold. On October 8, incision and drainage was performed and was 
repeated on November S, November 20, April 23, 1925, June 19, an eptetimer . 
On September 22, incision and drainage of the clavicle was performed; on Na.v , 
1926, incision and drainage of an abscess of the cheek; onjuy 
drainage of an abscess in the left axilla and right thigh, on Decemb - , 

■ and drainage of the right humerus and on Nov. 5, 1927, incision --d ramage.^^^ 
On December 2, iliectomy was performed, the usual incision being - • 

^ZrJhscess between the iliacus and internal table, penetrating the iliaais 

Z: 'Se wS .,vo se,„e»™s » '"l 
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formed, the incision following the crest of llie ilium, and the ilium was explored 
subperiostially, stripping the gluteal and abdominal muscles from the crest, T he 
ilium was removed almost to the pubic ranuis. A sinus which communicated with 
the abscess in the iliacus muscle was found just liclow the sciatic notch. 

The pathologic examination showed chronic purulent osteomyelitis. 

On July 11, 1929, the patient returned with an abscess over the posterior end 
of the scar over the left ilium. The abscess was healing satisfactorily. 

In January, 1931, when the patient was last seen, she had had no further recur- 
rence of the difficulty in the ilium. However, she returned to the hospital in 
January, 1930, with a recurrence of osteomyelitis in the clavicle. 

Case 7. — D. D., aged 23, entered the University of Atichigan Hospital on 
Dec. 30, 1926, with history of an acute ostconn'clitis of the left tibia at 15 years 
of age. While the patient was on a geological survey in California a month 
before entrance to the hospital, a severe pain referred to the left sacro-iliac joint 
developed. He was treated in a hospital in California for acute sacro-iliac strain. 
After four weeks he was becoming progressively worse, so entered the University 



Fig. 9 (case 7). — A, roentgenogram showing a rarefied area in the ilium above 
the acetabulum but not invading the hip. The patient was operated on elsewhere 
by trephine. B shows apparent perforation into the acetabulum ; osteoporosis of 
the head of the femur and narrowing of the joint cavity. C shows more marked 
evidence of involvement of the hip. The rarefied area is still prominent and not 
tending to close by bone proliferation. 

Hospital at Ann Arbor. At the time of admission there was a large fluctuating 
abscess pointing just below Poupart’s ligament medial to the anterior superior 
spine of the ilium. There was marked limitation of motion of the left hip associated 
with muscle spasm. A flexion contracture was present. The hip, on gentle move- 
ments, could be moved fairly freebc The patient was acutely ill and had a 
temperature of 100.6 F. ; pulse rate, 120; respirations, 24, and leukocytosis. 

A roentgenogram showed an area the size of a nickel in the ilium just above 
the acetabulum but not perforating it, which seemed to be the focus of the difficulty. 
A diagnosis of osteomyelitis of the ilium was made. My intentions at first were 
to dram the anterior abscess and then drain the ilium by a trephine operation, but 
the patient was too toxic for an extensive operation. 

The abscess, which was very extensive, was drained through an incision over 
the crest of the .hum anteriorly on the visceral side of the ilium. The infernal fable 
of the il.um was felt with the fingers, and no perforation could be found. It was 
thought wise to stop at this point. Following the operation, the infection in the 
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stisnicioim i-ir-r 1 great toe. Repeated roentgenograms showed the 

a..' 'ipictely. ' ‘ recovered 

InJa iliac 

e^Ki .• -'■l^cess was drained anteriorly, and 

Men e e.x,.lorat.o„ of the vnsceral side of the ilium showed no definite site of 
lUc iiitcction. Sta])Iiylococcus aureus and aJhus u-erc found. 

On May f?. I92S. a third iliac abscess formed and was drained. This time the 
anterior border of the iJmm was dissected free subperiostiallj', and an e.xcellent 
view of the entire internal table of the ilium showed no evidence of perforation 
or actne iiuohenicnt. The sacro-iliac joint appeared normal roentgenographicallv 
and clinicallv. 


1 he patient was free from symptoms following this until 1929, ndien he was 
injured in California and pain again developed in the left hip. He was treated 
In one of the leading orthopedists there. The previously described area of 
decreased density was noted in the ilium, a trephine operation was performed, and 
a cavity containing pus was found. Following this operation the wound healed, but 
a fibrous ankylosis of tlie hip resulted. There has been no flare-up of the infection 
since. 


C.ASE S. — ^f. R., aged 17, entered the Universit}' of Afichigan Hospital on 
July S, 1927. He dated December, 1924, as the time of onset of his condition. The 
primari- trouble was in the right tibia, later in the femur, and in 1926 the left 
iliimi became involved. The patient gave a history of chills, fever, redness and 
tenderness over the riglit tibia, and pain in both knees. 

There was marked tenderness over the crest of the ilium with a discharging 
sinus at the crest of the left ilium. 

Roentgen examination sliowed a defect of the ilium on the left side in the 
region of the superior iliac spine. 

On September 26, an incision 5 inches (12.7 cm.) Jong was made along the 
crest of the left ilium from the anterior superior spine posteriorly. An abscess 
cavity was found which centered around a perforated hole in the ring of the 
ilium, the hole being 3 cm. in diameter. The crest above this was removed, the 
scar tissue excised, and the W'ound loosely closed. The femur and tibia were 
also drained. 

In January, 1929, the patient reported back to tlie hospital. The ilium was 


completely healed. 

The pathologic report showed active purulent osteomyelitis. 

g_ p_ 5 .^ a youth, aged IS, was admitted to the University of Aficliigan 

Hospital on Feb. 8 , 1929, with a condition wliicli began three 3 'ears previous to 
admission the result of a misstep. His right foot doubled up under him, an 
difficulty ’in walking followed. Four days later lie had an elevated ' 

and the doctor diagnosed tvphoid fever, but the chief complaint was m the rig 
„ip. Tl.e patient tvas in bed .ia montte, fnlloteing f 

had pain in the right hip, and the leg * ari . . fl. drained since 

a sinus developed over the anterior aspect of the hip, and tins 


ts appearance. . . „.as ank^-loscd 

Physical examination showe no m Wrep -'’flexion There was no pain. 

„ n pLition oi « degrees tS^^ There teas « «l, 

TS'cI) ?r«“»nenira°.d 4 inches (iO.Id cm.) apparent sb.r.enmg. 
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On Fcbrviavy 14, operation was performed. From four to five perforating: lioic.s 
were found iu tlie wing of the ilium with tissue formation c-xtendiug through to the 
iliacus ; one large cavity led directly to the iliacus and drained into a sinus in the 
groin. The ilium was removed from just above the pubis to the posterior one-third. 

On March 6, secondary closure was done. 

Pathologic examination showed purulent osteomyelitis, very active osteomyelitis 
with marked necrosis of the bone and many foreign giant cells. 

On June 3, the patient returned with excellent results except for two small 
sinuses at the center of the wound, the rest being healed. There was definite 
regeneration of tissue. 

On November 16, there was complete healing. 

Case 10. — E. D., aged 17, was admitted to the University of Michigan Hospital, 
on Aug. 8, 1927. On January 1, the right ankle was slightly reddened and swollen. 
Two weeks later there was swelling of the right knee and pain in the right hip on 



Fig, 10 (case 10). — A, roentgenogram showing involvement chiefly about the 
acetabulum and anterior third of the ilium with partial ankylosis of the hip. 
B, roentgenogram taken some months after operation. Note area of resection with 
regeneration of bone. 


walking, associated with chills and fever. The patient was in bed for two months 
and fliere was a loss of weight of 30 pounds (13.6 Kg.). The patient entered the 
hospital walking with a cane, complaining of pain in the knee. 

The right hip was held in 35 degrees fle.xion deformit 3 % neutral in position, and 
1 inch shortening. The trochanter was 1 inch above Nelaton’s line, with some 
atrophy ; there was ankylosis of the hip, and the knee was normal. 

The roentgenograms showed a destructive process which had destroyed the 
head of the femur and corresponding surface of the acetabulum. The process had 
extended well into the ilium. 

Operation was performed on August 25. There was a large involucrum forma- 
tion lateral to the anterior superior spine of the ilium in which there was a lar-e 
amount of pus and a few partially separated sequestrums. The involucrum was 
removed, as was the outer cortex of the ilium down to the acetabulum. Sauceriza- 
tion of the outer cortex of the ilium was performed. 
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report osfeomyelft.s. The bacteri- 

IX‘ccnibLoO he u-«r/rI^/rlI’r\lXnr’T^ 

(>r femur, aiici there were no sinuses. ’ ^ tenderness over the pelvis 

-i!^9l77‘o;l';eaftfoi oT"" hospital on 

J.ad had pain in the r^ht ; since then he 

developed in tlie left elbow. ' ^ admission pain and swelling 

r™,r?s; tf 

.C carefnllj done. There was swelhng over the ilium with marked thick- 



Fig. 11 (case II). — Roentgenogram showing typical chronic diffuse osteomyelitis 
of the ilium. Note the tremendous bone proliferation and the areas of marked 
density with rarefied areas spread throughout. The sacro-iliac joint also is 
involved. Resection is indicated in this type of case though the e.vternal table 
was excised. 


ening of the bone. The left elbow showed synovial thickening, increased fluid, 
tenderness and limitation of motion. 

On September 27, operation was performed on the right ilium, the e.vternal 
table being exposed only b)' incision under the crest of the ilium and sub- 
periosteal resection. This was somewhat difficult because of dense marked 
involucrum formation extending in knobs well away from the ilium proper. Tlierc 
w'cre many abscesses throughout the bone and an abscess in the soft tissue ju 
above the acetabulum. The anterior third of the outer table with the mvolu- 
crum was removed, and the wound was treated with Carrel-Dakm technic. iit 
hip cleared up quickly, all symptoms disappearing, and the elboiv improved com- 

^^^On Jffiy VS'^sinus persisted over the ilium, and a rccait flare-up brought 
tlip hov back to the hospital. The ilium was explored subperIo^^e.d!> by mcisi i 
under the crest. The outer table bad reformed with dense meohicnmi am numcrou-, 
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nbsccss Ciivitics Ihronglioiit. lu Ibc ])oslcri()r third of the ilium Ijctwccu the two 
cortical layers a large pus cavity was found containing several small scciuestrums. 
No abscesses pointing toward the visceral side could be seen. Hone was removed 
almost to the internal table of the ilium. 

On April 9, 1929, the patient returned to tlie hospital and at this time the hip 
was entirely normal. There was a slightly draining sinus over the inguinal region, 
which was symptomlcss. 

Case 12,— F. L., aged 16, was admitted to the University of Michigan Hospital 
on March 30, 1929. A diagnosis of chronic osteomyelitis of the right hip and 
ilium, pathologic dislocation of the right hip and acute thrombophlel)itis of tlie 
left leg was made. The onset was three j'cars prior to admission, the patient 
having been injured while playing football. There was pain in the hip, and the 
patient w'alked with a limp. In ^Nfay, 1928, he had a high fever and severe pain 
in both hips. In September, 1928, a sinus appeared in the right thigh, and in 
December, 1928, there was drainage of the right hip. 

Physical examination showed an acutely ill, markedly emaciated patient wdth 
decubitus over the back, scapula, sacrum and calf of the left leg. The right elbow 
was slightly fixed. There was a long scar over the right thigh with a draining 
sinus at the lower end from w’hich greenish-yellow’ purulent pus flowed. There were 
marked limitation of motion of the hips in all directions, definite fluctuation in the 
thigh and 1 inch (2.S cm.) shortening of the right leg. 

A roentgenogram showed a marked destructive process including the head and 
neck of the right femur and the riglit ilium, dislocation of the head of the femur 
and sacro-iliac synchondrosis involvement on the right. 

On May 23, incision and drainage of the iliac abscess was performed by Dr. 
Hart. The abscess occupied the right iliac fossa beneath the iliac muscle. The 
wound was packed. Iliectomy w'as advised later. 

On June 1, the wing of the ilium was removed from the anterior superior spine 
to the sacro-iliac synchondrosis behind. 

Pathologic examination revealed very active chronic purulent osteomyelitis. 

At the last report the abscess had healed. 

Case 13. — H. E., aged 18, entered the University of Michigan Hospital on 
Aug. 20, 1928. At the age of 7 the patient fell and dislocated the left hip. Pain 
continued for a year, and limping resulted. Operation was performed elsewhere 
a year before admission, and two draining sinuses w'ere present on admission. 

Physical examination showed the hip held in a position of 35 degrees adduction, 
35 degrees flexion and slight internal rotation. There was apparent shortening 
of 3 inches (7.6 cm.) and the actual shortening was 1)4 inches (3.8 cm.). There 
was a limitation of motion of about 10 degrees forward and lateral, and about 
20 degrees internal rotation. Urinalysis at that time showed albumin 1 -f-, 
hemoglobin 76 per cent and leukocytes 23,000. 

Iliectomy was performed on Sept. 4, 1929, by Dr. Hart. The wing of the 
ilium was excised. There w’as marked thickening, several smalt perforations on 
the visceral side and no subiliac abscesses. 

Pathologic examination show’ed pj’ogenic granulation tissue containing necrotic 
bone, chronic osteomyelitis and osteitis. Bacteriologic culture revealed B. coli. 

On October 12, there was secondary closure. 

The last report showed that the wound was healed and the patient apparently 
was cured. 

C.\j;e 14.— C. H., aged 16, entered the University of Michigan Hospital on 
May 7, 1928 ; two years before entrance an attack of pain and swelling in the left 
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. P .ir»l dcvdopod,- |,c „,,5 i„ a ,„ica airi kept t„ bed f„r „„ 

le bPs ra„e,„l,ra„ec of fever. Tl.c ,„i„ eabridecl, tlie east teas rem^d “ri 

111 lulieiit m., s.vmptoinless ttiilil three nioinhs tefere admission. At that time 

: r vir “i , 

('r k^cr, .incl there «'erc no symptoms in the hip. 

Physical e.Naiinnation .sliowet! a draining sinus in the region of the left sacro- 

ih.ic joint and linck-ening of tiie ilium posterior)!', hut no evidence of involvement of 
the liip. 


A roentgenogram sliowetl seguesfrafion in a perforated cavity in the ilium. Tlie 
sacro-iiiac joint appeared involved witli sclerosis. 

Operation was ])crformed on June 7. Incision was made over tlie posterior 
tuo thirds of the crest of the ilium to the posterior superior spine and continued 
down tlic trocliantcr. The gluteal muscles were separated from the crest of tlie 
ilium down to the junction of the inferior spine and sacrum. Incision was then 
carried through the gluteus maximus. A sequestrum was found lodged in the sinu.s, 
and this was removed. The sinus tract could not he traced to the ilium, and the 
exposed portion of the ilium and outer cortex appeared normal. A window was 



Fig. 12 (case 14). — Roentgenograms showing involvement of the posterior third 
of the ilium with invasion into the sacro-iiiac joint. 


no 


cut out of the ilium to the sacro-iiiac joint and a very thick cartilage found. There 
was no pus. The window was removed and a small dram inserted. 

Pathologic examination of a specimen of necrotic hyaline cartilage showed 

actual infection. , , , , . 

A roentgenogram on Sept. 11, 1929. showed an operative defect m the kft 

wing of the ilium, increased calcification and involvement of the left sacro-.hac 

joint, but no evidence of activity. . rnwntfTpnotrr-im 

On February 23, the patient returned with a draining sinus. A roentgenogram 

showed extension of the process m the ilmm. 

On March 1, iliectomy was performed. nc.ion e as^made^ aIoi^^^^_^ 

of the ilium and posterior two-thirds carried throi« “ ■ uw 

to the trochanter. The ilium was exposed, This was filled 

posterior lower portion just in front o t ic ^vre ’ pf size were 

with pus and granulation tissue, and ,ji,,ec,cd free with 

removed from this opening. Jajjje of the ilium was c.xiiosed. A ith 

the abdominal muscle insertions, and the « p,,nosin" a large ahsccs> cavity 

an osteotome, the ''"'"f and led between tlie perio>teum and 

"“.sr ’ft ' xirtv - ™’ 


inner 
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long ami incli (1.27 cm.') wide. Tlic ilium wa.s removed from (lie posterior onc- 
tliird to tile sacro-iliac joint. This joint was oiiened. It showed no pns, hut 
there wa.s definite thickening and fibrosis. 

On ^farch 22. secondary closure of the wound was done. Ilacteriologic 
examination showed Staphylococcus aureus. I’alliologic examination showed 
degenerating cartilage, pyogenic granulation tissue, numerous foreign body giant 
Cells and very active chronic purulent osteomyelitis. 

The last report, made on .September 10, showed that there had been a history 
of draining sinus since the patient left the hospit.al. At one time a small seques- 
trum was removed. There was one attack of high tcmiicrature, breaking down of 
the wound, and extensive drainage of pus followed by complete relief. The patient 
was apparently cured. 

Case 15. — L. S., a woman, aged 29, entered the University of Michigan Hospital 
in August, 1926. The onset was six months before entrance to the hospital. There 
was swelling over the posterior aspect of the thigh and pain on w'alking. Incision 
and drainage were employed elsewhere, and the patient was confined to bed for ten 
weeks. Following this, there had been a di.scbarging sinus with occasional spicules 
of bone. 

Physical examination showed a sinus in the posterior aspect of the thigh above 
the greater trochanter. The hip was normal clinically. 

Operation was performed on August 30, by Dr. Hensel. There was a destruc- 
tive osteomyelitis with attempted repair, involving the upper third of the anterior 
two thirds of the ilium with multiple abscess formation and involucrnm in the bone. 
The ilium was about 2 inches (5 cm.) thick at the crest. Both tables of the 
ilium were exposed by subperiosteal reflection, and the diseased area was com- 
pletely resected. The wound was kept open, and Carrel-Dakin treatment was 
instituted. 

In January, 1927, the wound was reported completely healed and the patient 
apparently cured. 

Case 16. — E. N., a man, aged 70, entered the University of Michigan Hospital 
on Feb. 17, 1926. He had previously received a penetrating wound over the right 
ilium while cutting a board with a circular saw. The wound never quite healed, 
and a draining sinus had persisted. 

Physical examination showed a discharging sinus over the lateral surface of the 
right ilium. There were slight limitation of motion and pain in the right hip. 

A roentgenogram showed a perforation of the ilium 1 inch above the acetabulum 
about 1^/2 inches in diameter. 

Operation was performed on April 26, by Dr. Visick. An incision parallel to 
the gluteal fibers led directly to a large abscess cavity in the wing of the ilium, 
filled with granulation tissue, pus and a small sequestrum. A large piece of wood, 
1/4 inches in length and 1 inch in width, was removed. The cavity was curetted. 
The wound was kept open and treated by Carrel-Dakin technic. 

In December, 1927, the patient returned with the wound completely healed. 

Case 17. — M. B., a woman, aged 21, entered the University of Michigan Hos- 
pital on Feb. 23, 1927. Two and a half years before admission, pain on walking 
developed in the hip. An abscess formed, which was drained by the home 
physician, and the patient was confined to bed for three months. There had been 
a persistent sinus, and she had had four subsequent similar attacks of pain fol- 
lowed by an abscess which drained spontaneously. 

Physical examination showed a small draining sinus in the left inguinal region 
near the anterior spine apparently from an internal iliac fossa abscess. The hip 
joint was normal. 
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of absorption in the wing 

mcr (he crest of (he IcK liiinn, and the ilium explored by subperiosteal reflec- 
n / scqucstrwu, Ko cm. m diameter, was removed from between the tables 
of the Ilium. Sauccnaation of the cavity was clone. The pathologic report showed 
pyogenic granulation tissue, active piiruJciit inflammation and fragments of necrotic 
bone. In one portion granulation tissue showed many tubercles. 

A diagnosis of pyogenic and tuberculous infection was made. 

On July 7, 1927, (he iiaticnt reported back to the hospital with the abscess 
completely healed and apparently cured. 


Cask IS. J. TL, a youth, aged 16, entered the University of Michigan Hospital 
in April, 1929. There had been an injury to the right hip in November, 1918. 
Three weeks later an acute respiratory infection developed and was followed a 
week later by severe painful swelling in the right hip. The patient’s temperature 



Fig. 13. — Photograph of a partial resection to denionstrate the areas of per- 
foration commonly seen in osteomyelitis of the ilium. 


was 104 F., and he had chills. A little later osteomyelitis of the left p-bia and 
humerus developed. Eight weeks later he was taken to a reputable clinic u icre 
a diagnosis of tuberculosis was made. He was advised as to heliotherapy and anti- 
tuberculous regimen. , . , i * 

Physical examination showed the right hip held m flexion aiid f ‘ ^ ’ 
and there was marked local tenderness over the ^^shtihnnn ^ 
mass could be palpated in the right lower quadrant. Jbere i =nch (Lf^enU 

actual shortening and IH inches ^ '’niniost a complete 

There were marked limitation of motion of the right hip and 

fibrous ankylosis; osteomyelitis of the XcrStlal 'exposure of 

Operation on the ilium was performc 'tpickened with luinicroiis snper- 

both tables being used. The Hum perforations with 

ficia! abscesses m the outer table. T _ 

ili» abscess. Bled "tb «cro,,c , 

was 


open 


resected Horn the upper margin of the hip joint. 
On June 10, a secondarv closure was performed. 


Xhe wound w.as packed 
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Oil Oclolicr 21. the p.iticnt rcliinicd to the hosiiilal in excellent general Iicalth, 
walking with crutches. There was a slight draining sinus over the ilium. 

Case 19.— J. L., a youth, aged 20, entered the University of Michigan Hospital 
in October, 1924. The onset was eight years before admission. The patient 
injured his hip while skating, and the following day pain in the alKlomcn and 
left hip developed, with high fever and delirium for two or three weeks. This was 
diagnosed “typhoid fever.” An abscess pointed in the left groin and ruptured 
spontaneously. Several other sinuses appeared. 1 here has been chronic suppura- 
tion for the past eight years. 



t' ^ 1 

Fig. 14. — Roentgenogram showing chronic osteomyelitis of the ilium of twenty- 
five years’ duration. Note the bony ankylosis of both the hip and the sacro-iliac 
joint, also the density of the body of the ilium. Several verj' extensive abscess 
cavities with pus under pressure were found here. Chronic diffuse osteomyelitis 
of the ilium. 


Physical examination showed a sinus over the sacro-iliac joint posteriorly and 
another draining sinus distal and medial to the anterior superior spine of the 
ilium. The hip was ankylosed in adduction, flexion and external rotation. 

Operation was performed on October 29. A lateral incision was made through 
the gluteus medius fibers, the anterior half of the ilium being exposed. A large 
perforation through both wings of the ilium which connected directly with an 
abscess in tbe internal iliac fossa was found. Curettement was done, and Carrel- 
Oakin treatment was instituted. The wound did not heal, and discharge con- 
tinued. 
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Fig. 15. A schematic drawing illustrating the incision eniplo 3 'ed and emphasizing 
how prominently' the ilium protrudes through the wound after subperiosteal resec- 
tion of the muscles. In this t.vpe of case resection of the wing is done. 
Poupart s ligament can be reflected also from the spine of the ilium and one may 
remove the bone from the superior ramus of the pubis back to the sacro-iliac joint. 
The approach is termed Larghi’s by Bergmann. 


table were removed. The wound was left wide open, and Carrel-Dakin treatment 
was employed. 

In February, 1929, when the patient was last seen four years after operation, 
he reported that he had had no difficulty since six months after operation and had 
been working daily. The hip fi.xed in SO degrees fle.xion and 10 degrees adduction, 
not a bad position for function. He had been walking with a lift on his shoe. 
Osteotomy was advised but refused. 
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C.\sr 20. F. A. S., a man, aped d3, cnlcrcd llic Univcr.sity of Micliipaii Ho.';- 

pital on July 18, 192-1. The onset of his condition was three years before admis- 
sion. He had his appendix removed. A year before admission an abscess developed 
and this was drained in October. '1 he ab.scess was apparently pelvic in natinc, 
pointing in the inguinal region. It drained for six weclcs, and the sinus had not 
healed since drainage. 

Phvsical examination .showed a discharging sinus in the right iliac i cgion just 
below the crest of the ilium at the outer edge of the inguinal ligament. 'J here were 
limitation of motion of the hip and pain on motion. 

A roentgenogram on July 21 showed bone necrosis in the upper portion of the 
right ilium. There were no seciuestruins. There was a bone defect in the upper 
portion of the right ilium of considerable size, the lower end of which was greatly 
thickened. 

Operation was performed on June 8, 192.=i. .-V triangular area was removed from 
the ilium. The process appeared to extend below the area removed and seemed to 
be sclerotic bone. 

On April S, 1926, the sinus was almost healed. Respiratory infection contra- 
indicated radical surgical procedures at that time. The patient was requested to 
return for c.xtensive operation in case the sinus did not remain healed. 

Case 21. — N. L., a man, aged 31, entered the University of Michigan I-Iospital 
on Jan. 7, 1926; he had pain in the right hip and abdomen and a sinus in the 
anterior part of the hip. The on.sct was 6ve years before entrance following a 
gunshot wound. Operation for removal of the bullet was performed in Ma5q 1920. 
The patient had had pain in the hip since that time. Two other operations were 
performed for incision and drainage of the abscess. 

Physical examination showed an abscess on the left side of the second and third 
lumbar vertebrae. The hip joint was freely movable but painful. There were 4 
inches (10.16 cm.) apparent shortening and 3 inches (7.6 cm.) true shortening. 
Abduction was limited, and there was some atrophy of the right leg. There were 
numerous operative scars on the right buttock and hip and a sinus in the anterior 
portion of the groin. 

Operation was performed on January 15. The sacro-iliac joint was exposed. 
Gross appearance of the joint was that of infection, but no frank pus was seen. 

The pathologic report showed chronic osteomyelitis. 

On March 30, a second operation was performed. A rectangular section of the 
entire thickness of the ilium was removed, and a chronic abscess of the mesial 
side of the ilium embedded in the iliacus muscle was drained. The patient had a 
prolonged convalescence with a discharging sinus for months following operation. 

On April 19, 1927, the patient returned to the hospital with the wounds entirely 
healed. Movement in the hip vvas slightly limited, especially abduction. There 
was 3 inches shortening of the leg. 

Case 22.— This case is reported by the courtesy of Dr. James R. Tillotson, 
Lima, Ohio. Roentgenograms were seen and resection or removal of the outer 
table advised by Dr. Badglcy in January, 1928. 

V. M. S., a girl, aged 12, had had a chill on July 29, 1927, followed by high 
temperature which continued over a period of two weeks. There was considerable 
swelling in the right hip extending down to the knee. There was severe pain in the 
hip. The local physician made a diagnosis of “muscular rheumatism.” Heat was 
applied, and the patient was confined to bed until September 11. She was up part 
of the time in September and was confined to bed again in October. She was up 
about three weeks in November, became worse, and was again confined to bed. 
Dr. Tillotson and Dr. Martin were called in for consultation in August 19^7 At 
that time there was swelling about the hip but no redness. There was’ acute pain 
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f.vriu Uumi. flu- pul.iv appeared ah-m ,he same a.s before. At that time both 
u .ivvrrnsami and I’lnimi te.vls were m-yalive. 

1 iu- dnu’.n'i'.i'. was osteoniyeliiis, 

nj.erati.m was perfuntied on FeI.rnary 2S. the Smith-Petersen incision and 
su!.peri..-.teal (lisseetion from tlie cre.st of l)ie ifinni lo the acetahiiltim being used, 
file outer talde of Nme was removed. 3 liy 4 ind)c.s. It was drained anferiorh-, 
am! a!t ahseess in the tne.sial aspect of the rigiit thigli in the upper third was 
incised. 

f !ic p.atient was discharged irom the hospital on ^fay 6. There was no drain- 
age. At this time jiatient wa.s wafking, and there was no impairment of motion. 

At (»peration tiierc was seen a lioncycomb condition of bone with pockets of 
pus, ,'ta(ihy!ococcns and pnctiinococcns. 

C.\si; 2.1— J. X., a nian, aged 22, entered the University of Alichigan Hospital 
<>n .-Xpril 18. 1928. At the age of Id, following a fall on the right hip, there was 
.sudden onset of tlie condition. There were pain and limitation of motion in the 
hif), high temj)craturc and abscess formation with incision and drainage, followed 
hy persistent .sinuses. The patient was hospitalized for eigliteen months. Since 
that time he find had an ankyloscd hip in position of marked abduction, external 
rotation and flc.xion. 

Physical examination showed the hip ankyloscd in e.xfernal rotation, 45 degrees 
abduction and 30 degrees flexion. There was a draining sinus posterior to the 
right sacro-iliac joint and numerous healed scars over both the right and left hips. 
Urinalysis at (his time showed albumin 4 -f- with many red and white blood cells. 

The roentgenograms shon'cd bony ankylosis of the hip in the deformity noted. 
There were marked thickening of the upper portion of the ilium and evidence of 
bony proliferation. There was an area of rarefaction with a shadow of increased 

density in this area suggesting a sequestrum. 

Operation was performed on April 21. The ilium was exposed by subpenostea 
reflection on the mesial and external sides. A large abscess cavity on the i«esia 
side of tlie ilium which was in the substance of the iliacus muscle and extended 
down deeply below the pubic ramus was explored. Several areas of perforation 
were found in the wing of the ilium. The wing of the ihum from m erior 
superior spine to the sacro-iliac joint was removed to just above the acetab 
Several small sequestrums were found in the cavities in the ihum. 

The bacteriologic report showed Staphylococcus aureus. was 

The patient returned on December 27, and at that time genera 

"''''Se’ 24.-F. G., a woman, aged 35, entered the Henry Ford Hospital Jn 

March, 1929. The onset of her condition ^ tC hip'Lumed the 

fever.” The patient was acutely ill with pain in the lett ft p. bv a 

LLn.Hy of aM„c.io„, » “Id I” 

plaster spica. The patient was confined to bed tor neeks. 
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removed, the hip was ankylosed. In 1907, a ‘‘ciirelteinenl” of the ilium was done. 
In 1920, the fic.xion contracture of the hip was corrected by an osteotomy. In 
1928, an abscess developed over the left hip and drained spontanconsly. Six 
months before admission pain in the left hip and a sinus in the left labium developed. 

Physical examination showed healed operative scar over the left ilium with loss 
of normal contour of the ilium. There was an old operative healed scar over the 
trochanter. There was a sinus in the left labium majora which on prolting drained 
toward the pubis. 

Roentgenograms showed evidence of partial resection of the crest of the ilium, 
marked thickening and sclerosis of the remaining portion with an area of decreased 
density above the acetabulum surrounded by eburnated bone, very probably abscess 
cavities. Both the sacro-iliac and the hip joint showed bony ankylosis. Injection 
into the sinus of iodized poppy seed oil 40 per cent led to the femur where there 
was an old osteomyelitis. 

Operation was performed on March 18. Subperiosteal reflection of the external 
table of the ilium was performed. Dense eburnated bone was exposed throughout 
the wing of the ilium to the acetabulum, and thick cortical bone and involucrum 
were removed. After about an inch in thickness had been removed, several large 
cavities filled with pus were exposed under pressure just above the acetabulum and 
extended back toward the sacro-iliac joint. No sequestrums were found. Resec- 
tion was not done as saucerization seemed complete. 

The bacteriologic report showed Staphylococcus aureus. 

In Ma}', 1930, the patient reported back in excellent health. The sinus in the 
labium majora was healed. There was a slightly discharging sinus over the outer 
aspect of the ilium, 
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Nodules of tissue indistinguishable microscopically from pancreas 
have been observed b}' many investigators and have been discussed at 
length, deservedl)', in numerous papers. Not only is such a phenome- 
non of considerable interest, but it presents a fundamental pathologic 
problem. In many of the papers that have appeared, not only have 
hypotheses which are untenable in the present state of knowledge been 
proposed, but even patently inaccurate observations have been made. 
In addition, certain relevant features of considerable import in the 
determination of the nature of these masses have been overlooked. 

HISTORICAL DATA 

The earliest record of the occurrence of pancreatic tissue in the 
stomach which is available to us is that of Zenker, published in 1861. 
He referred to a previous note by Klob in 1859, and to some observa- 
tions in lower animals by Leydig (1857). 

Wagner (1862) and Gegenbauer (1863) reported other cases, and 
a few further reports appeared, until at the beginning of this century 
much interest was manifested in the condition. Thorel (1903) described 
seven cases of “aberrant pancreatic tissue,” in three of which the tissue 
was in the stomach. In 1904, Warthin collected forty-seven similar 
cases from the literature, and in thirteen of these the aberrant tissue 
was in the stomach. He described one other case. Horgan, in 1921, 
collected thirty -two other cases, in five of which the condition was in 
the stomach. Beutler gave a good account of the literature. 

Since then numerous accounts have appeared, some as special ref- 
erences to the occurrence of pancreatic tissue in the stomach, Delhougne, 
1924 ; Griep, 1926 ; Hilarowicz, 1927 ; Miinch, 1925 ; Vandendorp, 1928) , 
and others in which the condition is merely referred to during a dis- 
cussion on related subjects (Nicholson). 
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P^crikvr sutrtrcstcfl that they represent an anotmly occurring in early 
eiiniyoiiic hie in winch an additional diverticulum arose from the duo- 
denum. With ^jrowth of the tissues this supernumerary diverticulum 
l)ecanie separated from the normal structure. Glinski postulated that 
one or more of the anla^re,, of pancreatic tissue failed to coalesce. 
Litlici of these hyjjotheses could explain only pancreatic tissue in the 
duodenal wall. Since the duodenum has been demarcated from the 


.''tomach at the time of budding of the pancreatic tissue, abnormalities 
at this bud cannot be carried into the contiguous parts of the intestine. 

Wat thins view was that lateral budding" of the rudimentary pan- 
creatic ducts occurred as they penetrated the wall of the intestine. 
Since pancreatic tissue has been found in the cardia of the stomach 
and in IMeckel’s diverticulum, the budding" must have proceeded with 
peculiar enthusiasm. 

Horgan adopted an even more fanciful hypothesis. In describing the 
development of the pancreatic outgrowths, he said : . . branching 

buds come into contact with the wall of the stomach, intestine or mesen- 
ter}' and may become engrafted thereon.” Such a view, apart from 
inherent improbabilities, does not adequately deal with tissue (a) on 
the anterior wall of the stomach, (i) in the submucous coat or, most 
particular!}'", (c) in Meckel’s diverticulum, "(A'hich lies anterior to the 
intestine, whereas the pancreatic bud, certainly the part referred to b}' 
Horgan, is mainl}' posterior. 


PATHOLOGIC PRINCIPLES 

In order to appreciate the difficulties which surround the subject 
and also to understand the reason for diverse opinions on some patho- 
logic problems, it is necessary to consider the mode of development of 
pathologic thought. 

It is axiomatic that pathology must conform with the fundamental 
sciences—biology and embryology. When pathology began to make 
rapid advances about seventy or eighty years ago, embryolop was also 
advancing quickly. The principles laid down by the embryologists were 
accepted by pathologists and applied to pathologic processes One such 
nrinciple was that of the immutability of the germ layers. Another 

must be derived from undifferentiated (or emhrjomc) cells. 
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From this principle was evolved Cohiihcim’s hypothesis of cell rests. 
When portions of tissue were found in an unusual situation, c. g., pan- 
creatic tissue in the wall of the stomach, it was argued that since the 
adult cells had lost the potentialities of the original intestinal epithelium 
to give rise to various types of epithelia, this tissue must have arisen 
at a time when the cells of the intestine still retained a mullipotential 
character, i. e., during embryonic life, or else certain of such embryonic 
cells remained latent within the limits of this hypothesis. The hypothesis 
of a “cell rest” with minor modifications is still strongly entrenched in 
pathologic thought and writings, in flagrant defiance of the principle that 
current pathologic opinion should advance with biolog}'^ and embryology. 

Cohnheim’s hypothesis depends on einbryologic views of eighty 
years ago. Has this science advanced since then and have an}'- of its 
fundamental principles been altered? If so, then one must modify 
one’s views in conformity with them. The failure of a great many 
modern pathologic investigations is caused by the fact that, so far as 
many investigations are concerned, pathology ' has become segregated 
from biology and to a less extent from embryolog}', and until rapport is 
established and a broad outlook adopted true advance must be retarded. 

Recent investigations have shown that the potentialities of adult 
cells for proliferation and change into those of related but different 
type are not always lost, but are retained in varying degrees in dif- 
ferent tissues. There is no doubt that accompanying progressive differ- 
entiation during development a certain inflexibility is imposed on cells. 
This corresponds with the fixation of morphologic attributes in certain 
parts of even the ovum, e. g., in some Coelenterata. 

On the other hand, certain tissues retain, within certain limits, an 
extraordinary capacity for growth and alteration into tissue of a related 
type. Modern biologic and pathologic investigation is demonstrating 
the accuracy of this view. The reformation of synovial membrane 
(Key) and menisci (A. Gibson), the development of a new lens from 
the iris after removal of the original lens (Sato), the formation of the 
alimentary canal of insects from the epithelium (epiblastic in origin) 
of the foregut (Mansour) and the development of various glands 
(intestinal and gastric) from the epithelium of the gallbladder (King, 
1930) support this suggestion. If this is so, then the raison d’etre of 
Cohnheim’s hypothesis disappears. 

It is proposed to deal here with the observations made on four 
pathologic specimens, and to bring forward evidence from them that 
such tissue is not a “cell rest,” does not arise during embryonic life 
and develops from differentiated tissue usually during postnatal, and 
most often in adult, life. 
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Fig. 1 (case 1). — Low power photomicrograph of a section of a nodule of 
pancreatic tissue in the wall of the stomach, showing the muscle bundles lying 
between the pancreatic lobules ; X 24. 


Microscopic examination showed that the tissue was composed almost entirely 
of pancreatic tissue lying between bands of muscle. Some of the tissue resembled 
pancreas, but was not completely differentiated (fig. 1). 

Case 2.— P. A'., a man, aged 47, complained of indigestion of two years’ dura- 
tion. Vomiting had been becoming more severe for the four months before opera- 
tion Roento^en examination revealed an almost complete obstruction of the pylorus. 
Resection o'f the pyloric portion of the stomach (Polya’s operation II) was per- 
formed. 
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Fig. 3 (case 1).— Photomicrograph of a portion of tissue lying among the 
"pancreatic” lobules. This is not morphologically typical pancreatic tissue. There 
are many ducts and an indeterminate (? undifferentiated) type of epithelium; 
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Hv, of epithelial cells, mainly of the 
I n nnKr type, hnl .some m»l.frcrcnliatc.l, and a feu- pancreatic acini. There was no 
cvuleiicc of maliKiiant deveioinnent. 

C.tSL o.— S. G.. a man, aj-cd 72, died of clironic nephritis and cardiovascular 
d..H-a.se, Kontn.e po.stmorte.n c.vamination revealed a small thickening on the 
posterior surface of the .stomach near the lesser curvature, two thirds the distance 
irom the cardia to the pylorus. It measured one-fourth inch (0.64 cm.) in diameter. 

Microscopically, well devclojicd pancreatic tissue was found in the deep portion 
of the wall. Ik'lwcca this and the mucosa there was undifferentiated epithelium in 
tlie form of tuhules lined hy columnar epithelium. Some of the tubules were in 
close re!ationshi[) with tlic mucosa, and others were closely connected and appeared 
to i)c continuous with the pancreatic tissue. In some places there were a few 
pancreatic alveoli in the submucous coat. 



Fig. 4 (case 1 ) . — Portion of pancreatic tissue in the wall of the stomach, 
showing islets of Langerhans (marked by arrows) ; X 140. 

Case 4.~A. V., a man, aged 53, reported at the hospital with symptoms sug- 
gestive of a chronic gastric ulcer. The diagnosis was confirmed by roentgen 
examination. Wide excision of an ulcer in the lower part of the cardia was per- 
formed. • 1 

Microscopic examination of the specimen showed remarkable epithelial pro- 
liferation in the neighborhood of the ulcer. Mucous glands, Brunner s glands and 
intestinal epithelium were present, and in a few areas there were groups of pan- 
creatic acini (fig. 10). 


COJIJIENT OK CASES 

Three features of these cases are worthy of consideration. 

1 .doe -All of the patients were relatively old, three o™'' 4a, 

Thi 'faefwas noted in many of the reports of enaniplcs of "ceil 
S: Ovation alone shonld .ive one 1^- SS 
the condition on a “congenital basis. l nerc 
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changes should not occur in children if the adequate stimulus were 
applied. Probably the absence of such phenomena in the young is to 
be correlated with their relative freedom from many chronic diseases. 
Hale reported a case of “pancreatic tissue” in the pylorus of an infant 
suffering from hypertonic stenosis of the pylorus.' A brief scrutiny of 
his illustrations demonstrates that he apparently mistook Brunner’s 
glands for pancreatic acini. 

2. History . — The majority of patients give a history of symptoms of 
recent onset referable to the region involved. It is possible, of course, 
that the “rest” may have lain latent for fifty years and that another 



Fig. 5 (case 1). — High power view of an islet similar to those shown in figure 
4; X 750. 

lesion was superimposed on it, or even that it determined the site of 
the disease, e. g., ulcer. This is but multiplying hypotheses instead 
of proving them. 

3. Relationship to Inflammation . — ^Evidence of inflammation is 
present in most cases, and since epithelial proliferation readily occurs 
in such areas, a close causative relationship of the epithelial structures 
to this process seems probable. Not only proliferation but metaplasia is 
frequently observed in association with an area of inflammation ; e. g., 
various kinds of epithelium of the alimentary canal may be found in the 
chronically inflamed gallbladder (King) ; “gastric” glands have been 
found adjacent to a tuberculous ulcer of the colon (Nicholson, b), and 
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mlcstinal cpitlK-Iium is n common finding in inflammatory conditions 
ol tlic stomach. 

In case 4 tliere was strong evidence of the recent development of 
p.mcientic tissue directly from the gastric nnjcosa. Pancreatic tissue 
IS associated with other epithelia; in the submucous layer it is closely 
associated with the gastric epithelium, and in some places it is directly 
continuous with it. 

In case 3 there was no evidence of inflammation, but the pancreatic 
tissue was connected with tlic surface epithelium by ducts which were 
lined In' cells that did not correspond with any normal adult type. 

I he stimulus that caused its development had disappeared, or at least 
there was no evidence of its presence. 



Fig. 6 (case 3). — Portion of pancreatic tissue showing islets; X 140. 


MICROSCOPIC FINDINGS 

The glands consist of collections of acini grouped in a characteristic 
manner.^ Among the acini there usually are groups of cells which 
morphologicall}'’ correspond to islets of Langerhans. 

The cells of the acini show two characteristic 2 ones : an inner zone 
containing granules and an 6uter, nongranular zone, staining with hema- 
toxylin and containing the nucleus. The cells appear to conform m all 
particulars with those of normal pancreas. 

The tissue may appear in the subserous laj-er tn the ' 

or in the submucous coat. From a cons.derafon of the hteraturc, 
nelhoumie ■rave the distribution as in the accompanying table. 

m refuency of occurrence of aberrant pancreatic .issue core - 
sponrclosly tolhe distribution of „.ic ulcer of ,b= stomach. Most 
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observers agree that ulceration of the stomacli is a postnatal develop- 
ment and due to definite pathologic phenomena. This similarity of 
distribution forms another link in the chain of evidence for a postnatal 
origin of the pancreatic tissue, more especially since the distribution 
is not readily explicable embiyologicall)". 

In all of these situations the glandular tissue is intimately mingled 
with the tissue of the part; e. g., when glandular tissue is present in 
the muscular coat, the groups of acini lie among the muscle bundles. 
This, in itself, seems to put considerable difficult}^ in the way of accept- 
ing the hypothesis of a “rest.” If a “rest” of pancreatic tissue occurred 
in the wall of the stomach, one would expect that in its growth it would 
displace contiguous material, and that it would resemble the normal 
gland, which does not contain bands of muscle between the groups of 
acini. 


DeUtougnes Distribution of Tissues 


Cases Location Percentage 

15 Submucous 43.4 

5 Intramural 15.1 

5 Subserous 15.1 

8 More than one layer 24.2 

14 Pylorus 58.3 

3 Greater curvature 12.5 

5 Lesser eurvature 20.S 

2 Cardia 8.3 


33 cases 


24 cases 


The close association of the pancreatic tissue with muscle bundles is^ 
similar to the association of glands which have grown down from the 
epithelium in cases in which the epithelium is stimulated, e. g., in the 
neighborhood of a gastric ulcer. 

Islets of Langerhans are frequently found throughout the tissue. 
Characteristically, they are present in the masses of pancreatic alveoli, 
but in other parts they may be found alone or in association with ducts 
(fig. 8). In some cases they have been found arising apparently from 
acini, either as an outgrowth from the acinar tissue (fig. 9), or b}" a 
change in the acini themselves (fig. 5). 

Atypical cells and acini form groups among the typical pancreatic 
tissue. Some of them form complete groups not connected with the 
contiguous pancreas, but in other cases they merge into the pancreatic 
acini so that a portion of a mass of acini is pancreas and the remainder 
is atypical in character. 

These associated acini are less deeply staining than those of the true 
pancreatic type ; they are slightly larger, and many of them have a small 
central space. The cells are of about the same size as the pancreatic 
cells ; the protoplasm has few or no deeply staining granules, and the 
nuclei are more vesicular and have less deeply staining chromatin. 
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Fig. 8 (case 3).— Photomicrograph of portion of a section of the nodule. There 
are well formed islets among the ducts; X 140 . 

of some phases of the hj^pothesis of a “rest.” j\Iisplaced tissue should, 
by the course of its ducts, show some indication of its origin, and the 
ducts should run along the wall toward the duodenum. In fact, they 
are continuous with the mucosa that lies above, irrespective of whether 
it is stomach, intestine or Meckel’s diverticulum. The biologic meaning 
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Fig. 9 (case 3). — Another portion of the nodule, showing a continuity between 
alveoli and islet tissue; X 140. 
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«t peculiarity accortlittg lo (he liypolhcsis of a "rcsl” is at least 
iiciniloiis, 

J he paricrcaf tc (fssdc inny he mde])cndcnt of other epithehaJ struc- 
tires (case ]. 1) ; it „,ay he associated with atypical (probably 

und.herent.ated) tissue (case 3). or it may be associated with other 
p andular eleineiUs (case 4, fig. JO). This pancreatic tissue is some- 
tiincs related to the other g-Jands by way of undifferentiated tissue, as 
m tlic case reported by "Woolsay and Milizner. 

Our obserwntious confirm this relationship. It is one which strongly 
suggests that a glandular tissue (e. g., Brunner’s glands) has undergone 
dedifiercntiatioji, and that the cells have been differentiated to form the 
pancreatic tissue. In some ]3arts of the body, e. g., in the gallbladder, 
it is ])ossihIc to find glands of an unusual fonn (“aberrant”) in close 
association with the normal cells of the part and almost certainly arising 
from them without any intermediate stage. Presumably in such cases 
the intermediate ste[) has passed, and one has to postulate such a stage 
from the morphologic appearances. 

In the stomach a similar appearance ma}- be encountered. At the 
edge of a mass of Brunner’s glands a single acinus resembling a pan- 
creatic gland may he found (fig. 7). Apart from its morphology, its 
nature is suggested by the presence of pancreatic tissue in the neigh- 
borhood. 

SUMMARY 


1. From a study of four cases of pancreatic tissue in the wall of the 
stomach and a review of the literature it is concluded that pancreatic 
tissue arises from the epithelium of the stomach under the action of 
abnormal stimuli and does not arise as a “cell rest” from the displace- 
ment of a pancreatic anlage during embryonic life. 

2. The reasons for this conclusion are : 

(yd) Such tissue is connected directly or indirectl}' -with the over- 
lying epithelium. 

(B) Continuity of such tissue with the gastric epithelium can 
undoubtedly be directly traced in some cases. 

(C) The tissue is found mainly (if not entirely) m adults and 
mainly in old people, thus suggesting a postnatal development. 

(D) The distribution of pancreatic tissue in the stomach corre- 
sponds to that of obviously acquired lesions, such as a gastric ulcer, 

(E) No morphologic connection is found between these masse.s and 


the anatomic pancreas. 

(A) The pancreatic tissue does not occur as a discrete mass o 
tissue occupying a portion of the wall, but Is infmatcly nungW uitl. 
the structures of the wall of the stomach. 
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3. Reasons are given for considering tliat the various cml)r 3 'ologic 

“explanations” which have been proposed arc inadequate and do not 

take cognizance of known einhryologic laws. 
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EXPERIMENTAL OCCLUSION OF 'J'HE PULMONARY 

ARTERY 

AN ANATOJIIC STUDY 
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The increasingly frequent occurrence of postoperative pulmonary 
embolism with its dreaded and often fatal results is probably responsible 
for the stimulation of interest in the subject of experimental occlusion 
of the pulmonary artery. Numerous investigators have approached the 
subject from as many different angles. The literature has been reviewed 
by Schlaepfer.’^ Experiments performed by this investigator on rabbits 
and dogs showed that ligations of a branch of the pulmonary artery did 
not result in marked fibrosis as had been shown by Bruns,- Sauerbruch,® 
Kawamura,-* Smirnoff ° and others. Schlaepfer did produce extensive 
fibrosis, however, by cutting the phrenic nerve when ligating the corre- 
sponding pulmonary artery. Schlaepfer’s experiments on dogs were 
carried out. however, through a transpleural approach. In the experi- 
ments on rabbits the branch of the pulmonary artery was ligated through 
a pericardotomy opening without causing pneumothorax. 

In an}^ mechanism so complicated as that of the so-called cardio- 
respiratory apparatus, in which there is so much interdependence, the 
changes in pressure caused by operative pneumothorax might materially 
alter the subsequent anatomic findings. 

This article will deal chiefly with the anatomic findings in the dog’s 
lung subsequent to ligation of the right pulmonary artery or one of its 
branches. A method of exposure of the pulmonary vessels devised by 
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1 - (C. . ]J. ) ^ra.s used in these experiments. This method 
ink Hues less u-jth the normal jihysioiogic activity of the cardio- 
rcspiralnr}- mechanism, both daring the experiments and after recovery, 
t 1.111 eillier the transjdenral or the transpericardial approach. 


KX PERIM EKTAL METHOD 

'^oniii: iiorni.Tl dog.-;, iirefcnibly of the terrier, beagle or bull types, were used 
in tlie.se c.'cpenment.s. The broad chest and rather siiort neck which characterize 
dogs 01 tiiese typc.s favored c.vposiire of the nicdiastinai vessels. The dog was 
ane.stlictized with etiier, and under aseptic technic an opening was made in the 
inediastimnn througli a longitudinal incision over the trachea. From this incision 
the dissection was carried down through the thorax between the pleural cavities 
on either side, to the base of the heart. A small incision was made in the con- 
nective tissue which covers the pulmonary artery outside of the pericardium. A 
ligature was passed around the right branch or its secondary division with an 
aneurysm needle. This ligature was tied by using long clamps. Two ligatures 
may be applied, between whicii the artery may be severed. The animals were 
killed after variable periods ranging from one week to fifteen months, although 
the anatomic changes as recorded in the x-ray pictures were followed in several 
animals bcgitining a few hours after ligation of the pulmonary artery. In each 
instance the animals were killed b.v deep ether anesthesia. The trachea was 
clamped before the animal ceased to breathe. An infection of a diluted solution of 
formaldehyde, U. S. P. (1 : 10), into the trachea ivas made to fi.x the lungs before 
collapse. After a small amount of formaldehyde was introduced, another needle 
was placed in tlie trachea to allow air to escape. The formaldehyde was infected 
slotvly b^' gravitation, and the injection was completed when the solution began to 
flow from the second needle. The chest was opened after from fifteen to twenty 
minutes. The common carotids, thoracic aorta and venae cavae, as well as the 
trachea, were ligated before tiie thoracic contents were removed. The heart and 
lungs were then placed in formaldehyde for twenty-four hours. 


EXPERIMENTAL RESULTS 

In none of the dogs was there any deformity of the chest, but when 
the tliorax tvas opened in 2 dogs in which the entire right pulmonary 
artery had been ligated, the heart and mediastinum were found displaced 
toward the side of the ligation. In all the dogs the operative wound in 
the mediastinum healed without infection, and at autopsy only a few 
adhesions in the mediastinum around the pulmonary vessels were 
encountered. In several of the dogs metal skin clips were used to 
occlude the branches of the pulmonary artery; in others, either single or 
double silk ligatures were used. In the two dogs in ivhich the pulmonary 
branch had been ligated for fifteen months, the lumen of the occluded 
branch was obliterated and only a fiber-like cord remamed. In those 
in which the ligation was of shorter duration, the lumen of the igate 
vessel contained organised thrombi. The lung or lobe supphed by ibe 

6 Horine, C. F. : Mediastinotomy for E.xperiments on the Heart and Lungs 
in the Dog, j’ Thoracic Surg. 2:77, 1932. 
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li-ated vessel was always smaller than the intact one. The pleural sacs 
of the dogs showed no adhesions or excess fluid, altlioiigh the visceral 
pleura in some showed definite thickening. There was always a ten- 
dency toward “wrinkling” of the visceral pleura over the lobes m 







Fig. 1 (dog 1). — Lateral view of the upper lobe of the right lung, taken fifteen 
months after ligation of the pulmonary artery whieh supplied the lobe. Note the 
presence of small pleural vessels in the upper lobe. The lower lobe, supplied by 
the unligated artery, does not liave macroscopic vessels. The inset shows the 
anterior view of the heart and lungs of the same dog. 
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which the hnmch of tlic pulnionarv artery had been occluded. Areas of 
einpliy.scnia could be dcnionstratcd in both lungs, especially in the lobe 
supplied by the nonligaled branch. Several of the lungs supplied by 
ligated branches showed gross evidence of old hemorrhage into air 
sacs, witli some organization. These areas were unlike infarcts in that 
there was no dulling of the pleura or collection of fibrin on its surface. 
Practically all of the dogs had enlargement of the right ventricle, and 
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the lobes supplied by the ligated artery. These arc cither new vessels 
or preexisting' bronchial vessels the cahi)er of wliicli has increased since 
ligation.' Some of these vessels measured as much as 1 mm. in diameter. 
The fact that such prominent suhpleural vessels were not found on the 
side of the unligated artery seems to indicate tliat these A'cssels are con- 
cerned in the compensatory mechanism following pulmonary occlusion. 
They may possibly represent a collateral anastomosis between bronchial 
and pulmonary vascular systems. That many of these suhpleural vessels 



Fig. 3 (dog 1). — Photomicrograph of a thick, frozen section of the upper lobe 
of the right lung fifteen months after ligation of the pulmonary artery that supplied 
the lobe. Note the uniformity in size of the alveoli and of the interalveolar capil- 
laries; X 135. 

are derived from the bronchial vascular system was shown by us by 
the injection of pigment." One would think that adhesions would 
develop between the visceral and the parietal pleura as a means of 
establishing a collateral circulation with vessels of the wall of the chest, 
but this was not the case in any of the eight experiments. Definite 

7. Horine, C. F., and M^arncr, C. G. : Distribution of the Pulmonarv Circu- 
lation m the Dog, J. Thoracic Surg. 2:80, 1932. 
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Fig. 4 (dog 1). — Photomicrograph of an unstained, thick, frozen section of 
the upper lobe of the left lung. The pulmonary artery supplying this lobe was not 
ligated. Note the areas of emphysema and the increase in interalveolar capillaries; 
X 135. 


pathologic changes consisted chieflj' of enlargement of the alveolar 
sacs with rupture and fragmentation of the walls. The interalveolar 
capillaries were enlarged and dilated. These changes were most marked 
about four weeks after ligation; in fact, there seemed to he a basket- 
like network of capillaries in each alveolar wall, as shown in figure 5. 
The increase in size of the individual alveolus, together with the com- 
pensatory emphysematous condition of the w'hole lobe or lobes of the 
lung on the side of the nonligated artery, would account for the incrca.se 
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in size and probably contrilnite toward tlic disidacemenl of the lieart 
and mediastinum toward the side of the ligated artery. An immediate 
decrease in the volume of the lung, or at least a decrease in the volume 
of the blood, is expected after occlusion of its corresponding artery. 
With the decrease in the volume of the blood there should be an increase 
in the negative intrapleural pressure, because as the total volume of the 
lung on the side of the ligated artery is decreased the size of the potential 
space on that side should be increased. If a simultaneous compensatory 



Fig. 5 (dog 4). — Photomicrograph of the lobe of the right lung between three 
and four weeks after ligation of the corresponding pulmonar 3 ' arterj'. Note the 
area of compression of the alveoli and the surrounding areas of emph^-sema. 
Stained with hematoxylin and eosin; X 135. 

increase in total volume occurs in the lung on the side of the nonligated 
artei-}', a displacement of the structure lying between the two lungs to 
the affected side should be expected. Figure 7 shows a marked dis- 
placement of the apex of the heart to the right. This occurred within 
ninety-six hours after ligation of the right pulmonary artery. These 
changes in the volume and pressure could also account for the 
emphysema. 
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Fig. 6 (dog 4). — Photomicrograph of a thick, frozen section of the lobe of the 
left lung the pulmonary artery to which was not ligated, taken between three and 
four weeks after ligation of the right pulmonary' artery. Note the areas of 
emph 3 ^sema and the more numerous interalveolar capillaries. Stained with hema- 
tox 3 din and eosin; X i35. 


masses of hemorrhage tvere noted beneath an intact pleura, without 
exudation on, or thickening of, that membrane. In not a single instance 
were adhesions found bet3veen the opposing" pleural surfaces 3vhere this 
type of hemorrhage existed, et'cn in specimens which showed some 
e^ddence of organization of the hemorrhage. Deeper in die pulnionar; 
tissue, that is more centrally, the hemorrhage was less evident. 
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Only in llm Uvo dogs in which n hranch of the pulmonary artery 
had been ligated fifteen months jireviously was there an increase in the 
interstitial connective tissue, and in these it was very sliglit and confined 
chiefly to subpleural thickening. It was most evident around the visceral 
pleural vessels jircviously mentioned. In these two dogs, the general 
histologic appearance of the pulmonary tissue in the lobes on the side 
on which the pulmonary artery had lieen ligated was that of air sacs 
of uniform size, but somewhat smaller than normal. There was also 



7 (dog- 7). — Series of roentgenograms showing the displacement of the 
cart that follows ligation of the pulmonary arterj’. The right pulmonary arterj’ 
w been ligated. No attempt was made to bring out the details of the lung, 
erera of Ukj plates suggest the presence of pneumothorax. The shadows which 
suggest pulmonary tissue have been cast by the redundant mammary glands of the 
emae dog used in this experiment. It is difficult to obtain accurate plates when 
je og is used, but there is very little rotation, if any, in these plates. Note the 
om ua displacement of the heart and mediastinum toward the right side, or the 
hou ° f ’'sated artery. A was taken immediately before ligation ; B, half an 
r C- twenty-four hours afterward; D, seventy-two hours afterward; 

u B, ninety-si.x hours after ligation. 

uniforniitj- in the size and the number of capillaries. The basket-like 
1 ^ P^^tvtts in the alveoli which is present in the normal dog’s 

& to a modified degree was entirel}’' absent in these two dogs. 
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CONCLUSIONS 

1. Scattered areas of eiiipliysema. atelectasis and Iieniorrhage into 
the air sacs are produced in the lung by ligating a branch of the pul- 
monary artery. 

2. If the ligation of a branch of the pulmonary artery is jicrforined 
extrapleurally without ]meuniothorax. it does not ]M‘oducc a deformity 
of the chest with marked fibrosis and contraction in fifteen months. 

3. Ligation of a branch of the pulmonaiw arteiw results in new 
formation of vessels in the visceral pleura or in an increase in the caliber 
of preexisting ones. 

4. Displacement of the heart and mediastinum to the side of the 
ligated arter}' ma}- be seen with the x-ra\’s as early as fort 3 ’-eight hours 
after occlusion of the artery. 
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Y'elch,' PJiiiiiicr,- TigerstedtP Underhill ^ and others ha\ •e stated 
t lat ligation of the ])uhnonary artery of one lung causes veiy little or 
no change in the systemic blood pressure. Haggart and Walker ^ found 
no significant ^■ariation in the general circulation of animals until from 
52 to 66 per cent of the puhnonar}' circulation had been occluded. Tiger- 
stcdt ■' showed that there was a slight decrease in the A'olume output of 
the left ventricle per minute after one branch of the pulmonary artery 
had been ligated. Lichtheim ® found no significant variation of the 
general circulation after occluding 75 per cent of the pulmonary circu- 
lation. i\Iann,‘ producing pulmonarj- embolism by the introduction of 
clots into the venous S3"stem (the femoral vein), noted a slight drop in 
the systemic pressure, which he believed to be due to the passage of 
tlie embolus through the valves of the heart. Underhill ^ stated that 
ligation of the left pulmonary artery in cats (with the chest open and 
under positive pressure anesthesia) caused an increase in pulmonary 
arterial pressure from 25 to 60 per cent. He found no effect on the 
carotid blood pressure, the pulse rate, the output of the heart or its state 
of dilatation. Haggart and Walker ® measured the blood pressure in 
the femoral artery after occluding the pulmonary artery. They clamped 
the left pulmonary arter^^ and the main pulmonary artery with a special 
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graduated clamp wliich was a]iplicd ihrougli an opening in the wall of 
the chest. They concluded that with this method it was possible, in the 
normally breathing dog. to produce partial or complete block of the 
pulmonarv artery, the condition as here brought about being analogous 
to pulmonary embolism in man. Clamping of the left branch of the 
pulmonarv artery caused an immediate rise in the ])ulmonar 3 ’ pressure, 
the increase averaging about 30 jicr cent. 'J'his procedure caused no 
significant change in the general svstcmic pressure, or au}' variation in 
the size, rate or output of the heart. Ventilation as measured b}' c'l 
spirometer was. however, increased approximately 25 per cent, a moder- 
ate hyperpnea resulting. Following total occlusion of the pulmonary 
artery an immediate reaction occurred ; the heart dilated quickly to a 
marked degree, and the volume output per minute became materially 
less. The pulmonar}’ ]M‘essure rose sharpl}' from 121 to 267 per cent, 
and then gradually fell to zero. The systemic pressure began to fall 
immediately and did not recover, while respirations became irregular 
and shortly thereafter ceased altogether. 

Complete obstruction of the main pulmonary artery causes immedi- 
ate death, and fatalities also occur following unilateral pulmonary 
embolism, although therapeutic ligation of a main branch of the pul- 
monary artery in the human being has been followed by recovery 
(Sauerbruch,® Meyer® and others). Ligation of a main branch of the 
pulmonary artery in the dog is fatal only in exceptional cases. The 
present study was undertaken with the hope that some light might be 
thrown on the question of the compensatory mechanism following partial 
pulmonar}' occlusion. 

EXPERIMENTAL METHODS 

Twenty-three dogs were used in these experiments. In all instances, the studies 
were carried out without pneumothorax by a method of mediastinotomy devised by 
one of us (C. F. An incision was made over the trachea and the dissection 

continued through the mediastinum to the pulmonary arterj' between the two pleural 
spaces. 

The artery was occluded either with a clamp or with an untied ligature. The 
latter method was preferred, since it was less damaging to the wall of the vessel. 
By the; use of an aneurysm needle a ligature was passed around the artery, and 
occlusion was produced by traction. 


RESULTS 

Contrary to the opinion of others, it was found that the occlusion of 
one half of the pulmonary artery’ i. e.. one main branch, will cause a 
teciease m the systemic pressure of from 10 to 30 mm. of mercury. 

S. Sauerbruch, F. : Die Bronchiektasien, 3me Congres Soc. internat. de chin, 
Bruxelles, 1911. 

9. Meyer, W. ; Surgery of the Pulmonary Artery, Ann. Surg. 32:189, 1913. 
(1 ■ ^fodiastinotomy for Experiments on the Heart and Lungs 

‘lie Dog, T. Thoracic Surg. 2:77. 1932. 
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liKs- drop usually occurs within four seconds and is followed hy a com- 
pensatory rise which is carried above the normal pressure line. The 
compensatory rise in pressure requires from ten to thirty seconds; it 
\.incs in the individual animal. Following the rise there is a recession 
to tile nornial base line. Thus, an S-shaped curve is produced. This 
cnn-c IS tyiiical of the clianges in pressure in the systemic circuit follow- 
ing occlusion of a branch of the pulmonary arter}^ If the occlusion is 
released when the carotid pressure returns to the norma] base line, 
another positive curve appears; this is of short duration. 

The original decrease in carotid pressure is no doubt due to a 
decrease in the output of the left ventricle, since, for a time at least, the 
amount of blood returned to the heart through the pulmonary veins 
must be reduced. The following questions then arise ; What produces 
the compensatory rise to and above the normal base line, and if the 
mechanism b}' which this is produced should be absent or impaired, 
would the animal not succumb ? Is the duration of the systole increased 
to hel]) maintain a normal pressure.^ Do the interalveolar capillaries of 
the unligated lung dilate sufficiently to allow an increase in volume to 
the left side of the heart? Is there a reflex stimulation of the vasocon- 


strictors in order to increase peripheral resistance and thereby maintain 
normal systemic pressure? 

The compensatory rise in pressure may be due to one or several 
combined mechanisms. The same type of curve is obtained if the iJul- 
monary artery is occluded after both vagi have been severed or the 
animal has been atropinized. In several animals the vagi were cut and 
the spinal cord severed at the seventh cervical segment. According to 
Keng,^^ the phrenic nerve in the dog arises from the fifth and sixth 


cervical segments. 

An immediate decrease in pressure occurs after section of the cord. 
After the pressure has established a normal base line the right pul- 
monary artery is occluded. An immediate decrease in the systemic 
pressure develops without the usual compensatory rise. If the artery 
remains obstructed, the dog will die. A dog the vagus and cord of 
which were sectioned was given epinephrine to obtain an epinephrine 
curve, and after the circulation had been reestablished following the 
injection of epinephrine another dose was given. At the beginning of 
the epinephrine curve, the right pulmonary artery was occluded. There 
followed an immediate decrease in the carotid pressure, with a subse- 
quent compensatory rise. The occlusion of the pulmonary artery was 
ffien released, and a greater rise occurred. On the fall of the ^P'^ep ’rm 
curve the right pulmonary artery was occluded again. An abrupt fa 
syriemic pressure was noted, but the usual compensatory rise m 

n Keng" L. B. : On the Nervous Supply of the Dogs Heart, J. Plnsiol. 14 . 


467, 1S93. 
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pressure did not follow, lire pressure continued to dcciCcisc until tlic 
occlusion had been released. In the dog, the vagus and cord of which 
are sectioned, plus occlusion of the right pulmonary artcrj’ at the time 
of the rise in the epinephrine curve, the compensatory rise after occlu- 
sion will be in proportion to the amount of epinephrine given. 

ILLUSTKATIONS 

The illustrations are photographs of kymographic tracings made in 
experiments 2, 10, 5, 13, 7 and 4. The top line in each illustration is 
the respiratory record, the middle line is the carotid blood pressure 
curve (except in experiment 13, the pressure was recorded from the 
femoral artery), and the lower line represents time. 
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Fig. 1 (experiment 10). — The typical S-shaped curve of the carotid blood pres- 
sure record produced by occlusion of the right pulmonary artery. CP marks the 
point of occlusion of the pulmonary artery. The occlusion was released at RP. 
The markings are timed to two seconds. In addition to the S-shaped curve, note 
the momentary decrease in amplitude of respirations at CP and the increase in 
pressure at RP. The blood pressure was measured in millimeters. A decrease of 
26 mm. occurred at CP. 
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Fig. 2 (experiment 2).— Between 75 and 100 per cent of the pulmonarv arterv 
was occluded at C and released at R. A decrease of 77 mm. occurred in seven 
seconds. Note the increase in rate and amplitude of respiration during the decrease 
in blood pressure. 
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Fig. 3 (experiment 5 ) Epmephrme curve. One minim (0.06 cc.) of epf 
nephrme wa.s nijeefoe! intravenously at /i. Time in seconds. 
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Fig. 4 (experiment 5). — One minim (0.06 cc.) of epinephrine was injected at 
.4. On the rise of pressure, the right pulmonary arterjf was occluded at C and 
released at if. Note the exaggerated S-shaped curve with a quicker return to the 
normal base line after occlusion at C. Time in seconds. 



Fig. 5 (experiment 5). — One minim (0.06 cc.) of epinephrine was injected 
intravenously at J. The right pulmonary artery was occluded at the top of t ic 
epinephrine curve at C and released at if. It was damped again on the mil or tc 
epinephrine curve at C and released at if. Time in seconds. 
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Fig. 6 (experiment 5). — Tlic spinal cord was severed at the seventh cervical 
segment and 1 minim (0.06 cc.) of epinephrine was injected intravenously at A. 
This figure illustrates the epinephrine curve in a dog the spinal cord of which had 
been sectioned. Time in seconds. 
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Fig. 7 (experiment 13). — The spinal cord was sectioned at the seventh cervical 
segment, and the right pulmonary artery was occluded at C and released at R. 
Time in seconds. 



(experiment 7). — ^The spinal cord was sectioned at the foramen magnum, 
of 11 respiration was given with a Masters pump. No record was made 

cut at CC, and the right pulmonary artery was 
U( cc at C and released at R. Time in seconds. 



Fig. 9 (experiment 4).— The vagi and 
segment). Tlic right pulmonar}' artery 
Time in seconds. 


spinal cord were cut (seventh cervical 
was occluded at C and released at R. 



Fig. 10 (experiment 10). — The cord was sectioned at the seventh cervical seg- 
ment, and the vagi were also cut. One minim (0.06 cc.) of epinephrine was given 
at A. The right pulmonary artery was occluded at C and released at R. 







Fi... 11 (experiment 13). -The spinal cord was sectioned at the seventh cervical 
segment. One minim (0.06 cc.) of epinephrine was given intravenot.>h a . , . 
he right pulmonary artery was occluded at C and release a i. 
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Fig. 12 (e.xpcriment 13). — The spinal cord was sectioned at the seventh cervical 
segment. Two minims (0.12 cc.) of epinephrine was given at A. The right pul- 
monary artery was occluded at C and released at R. In comparison with figure 11, 
the decrease in pressure at C was not as great, and the recovery between C and R 
was quicker on the rise of the epinephrine curve. 



Fig. 13 (experiment 13). — The spinal cord was sectioned at the seventh cervical 
segment. The right pulmonary artery was occluded at C and released at R. Note 
the decrease in pressure with no tendency to recover. 


COMMENT 


It must be admitted that this problem cannot be definitely and con- 
clusively proved beyond a question of doubt until it has been shown 
whether or not there is^'an increase or a decrease in the volume of blood 
passing through the unobstructed lung per minute after one branch of 
the pulmonary artery has been occluded in the closed chest. What 
happens to the capillary bed in the unobstructed lung is not definitely 
hnown, although it has been shown (Horine and Warner that there 
>s a marked dilatation of the capillaries in the unligated lung as early as 
two hours after occlusion of a branch of the pulmonary artery. But 
this compensatory rise occurs within thirty seconds at most, and there 

are no anatomic data to indicate what changes may occur within so short 
a time. 


Assuming that the initial decrease in the carotid pressure in the 
noimal dog after occlusion of the right pulmonary artery is due to a 

mon^' and Warner, C. G. : Experimental Occlusion of the Pul- 

r> rtery. An Anatomic Study, Arch. Surg., this issue, p. 139. 
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<lccrcasc sn the output of the left ventricle, the compensatory rise in pres- 
MH-c IS built up h)- au increase in the volume of blood passing through 
1 1 C icmaining unobstructed lung per minute and then given to the left 
lentncle, by an uicrcase in the peripheral resistance in the systemic cir- 
cuit. by the ability of the muscle of the heart to increase the duration 
of systole to maintain or to increase that pressure, or by a combination 
of the aforementioned mechanisms. 

A ie\iciv of the literature shows that no experimental work has been 
done to detci mine the immediate volume of blood flowing through the 
unobstructed lung during the compensatory rise in pressure. Our 
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experiments har^e shown that after the pressure has recovered from the 
initial fall, the release in the occluded vessel causes a still greater rise 
in pressure, which shows that the supply to the left ventricle has been 
enhanced. The second rise in pressure is more abrupt than the onginal 
compensatory curve in the same animal, and. the recovery from tic 
secondary rise to the normal base line consumes kss_ time. From this 
one might infer that the original compensatory rise is not initiated ly 
an increase in the volume of blood passing through the unobstructed hin.g 

When the cord has been sectioned, with a subsequent loss of tone ii 
the peripheral capillary bed, the compensatory rise in pressure c ocs no 
om.* b^.t if epinephrine is given to restore a In 

loss, the pressure curve regains its usual contour, as in t ic ( o„ t- 


HORJNE-WARNER-OCCLUSION of pulmonary artery 159 

intact vagus and intact spinal cord. Most authorities believe that epi' 
nephrine has very little or no effect directly on the muscle of the heait. 
Extensive experimental work shows that epinephrine increases the pul- 
monary resistance b}' causing a constriction of the pulmonary arteries. 

The compensatory rise in the carotid pressure in the dog after the 
cord has been sectioned following occlusion of the right pulmonary 
artery occurs only during the phase when the epinephrine is active. On 
the fall of the epinephrine curve, a compensatory rise in pressure does 
not occur if the right pulmonary artery is occluded. This shows defi- 
nitely that the vasoconstrictors play a great part in helping to maintain 
a normal pressure after sudden occlusion of a part of the pulmonary 
arterial tree. Perhaps this mechanism is followed by a sudden dilata- 
tion of the remaining pulmonary capillaries, with a subsequent increase 
in the volume of blood to be sent to the left side of the heart. If this 
is true, then death may be caused by the inability of the remaining 
capillaries of the lungs to dilate or by inability of the right side of the 
heart to pump the required amount of blood through the lungs to the 
left ventricle. 

Clinically, death might be expected after occlusion of a portion of the 
pulmonary artery if this occurred in a patient who had decompensation 
of the right side of the heart, or in a person with low blood pressure, 
especially a fat person of the emphysematous type. These considera- 
tions should be kept in mind in selecting cases of various pulmonary 
conditions for radical treatment in which ligation of branches of the 
pulmonary artery is contemplated. The treatment may be preventative 
in the type of cases of unilateral pulmonary embolism about which we 
have spoken. Mhien this acute accident occurs, immediate forceful 
circulatory stimulation may carry the patient over the period of cir- 
culatory collapse of the systemic system until the pulmonary system can 
increase the volume lost in the occluded lung. 

CONCLUSIONS 

1. Occlusion of a branch of the pulmonary artei-y causes a tempo- 
rary decrease in the carotid blood pressure in the otherwise normal dog. 

2. The recovery from the fall in the carotid blood pressure after 
oedusion of one half of the pulmonar}^ arter}’- requires from ten to thirty 
seconds. 

3. Occlusion of one half of the pulmonar}’ artery in a dog when the 
spinal cord has been sectioned causes death. 

4. The vasoconstrictors of the sympathetic system play an important 
part in causing the compensatory rise in the carotid pressure after one 
half of the pulmonary arterr- has been occluded. 

5. Occlusion of from 75 to 100 per cent cyf the pulmonarv arterv 
causes death. 



return of gastric acidity after subtotal 
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One of the fiinclamcntal principles underlying the treatment of 
peptic ulcers is^ an attempt to control gastric acidity. This idea is based 
on tlie assumption that the presence of hydrochloric acid is an important 
coiitt ibutoi}'' factor in the etiolog}' of ulcers.* As a result, various 
siugicai measures are emplo)'ed to reduce the acidity of the gastric 
contents. Simple procedures, such as gastro-enterostomy ■ and pyloro- 
plasty,^ afford onl}' a temporary neutralization of gastric acidity and 
the development of recurrences and jejunal ulcers after these operations 
is attributed largel}" to the persistence of hyperchlorhydria. In order 
to achieve more lasting cures subtotal gastrectomy is advocated * as 
a method which provides for a permanent lowering of gastric acidity 
by interfering with the normal mechanism of acid secretion. 

According to the present concept of the physiology of the stomach, 
acid is secreted normally in four phases. The first is the cephalic phase 
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which is controlled by the vagi. T.his corresponds to the appetite juice 
or psychic secretion described originally by Pavlov in dogs and later 
by Carlson “ in man. In the second or gastric phase, mechanical and 
chemical stimuli and secretagogues derived from food excite secretion.' 
In addition, according to Edkins,® during this phase a hormone, “gas- 
trin,” is liberated by the antrum and pylorus which stimulates the 
secretion of acid by the glands of the fundus. However, the existence 
of a specific gastric hormone is doubtful.® In the third or intestinal 
phase gastric secretion is prolonged by refle.x stimuli originating 
in the small intestine during the process of digestion. The fourth phase 
is the period of interdigestive, basal or continuous secretion. This 
secretion is probably a manifestation of vagus activity.^^ 

From the surgical standpoint it is impossible to exclude the intes- 
tinal and continuous phases, but the first and second periods are 
amenable to modification. Attempts to reduce the psychic phase by 
dividing the vagi above or below the diaphragm have been unsuccessful. 
In dogs, Hartzell found a reduction in acid after supraphrenic double 
vagotomy, but two years later Vanzant,*“ working with the same animals, 
reported that the acid had returned to normal values. Others have 

5. Pavlov, L. P. : The Work of the Digestive Glands, London, Griffin & 
Company, 1910, p. 101. 

6. Carlson, A. J. : The Control of Hunger in Health and Disease, Chicago, 
University of Chicago Press, 1916, p. 235. 
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1930. (&) Lim, R. ; Ivy, A. C., and McCarthy, J. E. : Gastric Secretion by Local 
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(Aug.) 1932. 
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also olKcvecl the .clurn of gastric acidity after section of the vagi 
m annna Is, In n.an ■= division of one or both vagi produces onfy 
ti tiansicnt dccictisc in gastric acidity. 

Various t3'pcs of operations on the stomach have been devised with 
lie jxirposc of altering the second phase of gastric secretion. Side- 
tracking procedures and pyloroplasties have only a transient effect, 
which depends largely on the degree of neutralization of the gastric 
contents b} reguigitatcd intestinal fluids. The more radical operation 
of subtotal gastrectoni}'’ aims to eliminate the second phase by removing 
tlic so-called hormone-elaborating portion of the stomach (antrum and 
piiorus). This is an effort directed toward modification of the 


mechanism of gastric secretion rather than simple neutralization of 
acidity. 

The results of a number of experimental investigations in dogs 
indicate that resection of the pylorus and antrum has no permanent 
influence on gastric acidity. Smidt studied the secretions obtained 
from Pavlov pouches in dogs after the Billroth I and II types of 
gastric resections. He found that the amount of secretion was dimin- 
ished and the duration of the response to a test meal shortened, and 
ascribed this result to the absence of the second phase. However, 
the percentage of hydrochloric acid remained practically unchanged. In 
his conclusions he stated that it was impossible to attain complete 
"anacidity," owing to the fact that the psychic phase and reflex secretion 
remained unaffected. Enderlen and Zuckschwerdt,^'^ having observed 
high acid values in the gastric contents of two patients many years 
after radical resection of the stomach, repeated Smidt’s experiments, 
and studied the secretions from the pouches for longer periods of time. 
After four months their results rvere similar to those reported by 
Smidt. However, one year afterward the same animals showed a 
complete return of the second phase. As a matter of fact, frequently 
the quantity of secretion was greater and the duration of the response 
was longer than before resection. Again the percentage of hydrochloric 
acid was unchanged. They concluded that removal of the pylorus 
disturbed temporarily the second phase of secretion, but that a read- 
justment took place whereby the small intestine took over the function 


IS. Fieri, G., and Tanferna, U.; Effetti della resezione del vagro stilla secrezionc 
gastrica deU’uomo, Riforma med. 16:323, 1930. 
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of the pylorus as the stimulus for secrctiou by the fundus. London 
found a temporary depression in gastric acidity aftci icmoval of the 
'antrum and pylorus in dogs, and attributed the result to neutralization 
by regurgitated alkaline duodenal secretions. One month after resec- 
tion he noted that the acidity of the gastric contents had returned to 
nonnal values, and reexamination of the same animals one year and 
three years later revealed that the chemistry of the gastric secretions 
was unaltered. In his animals, jejunal ulcers occurred practically 
always at the site of anastomosis between the fundus and jejunum. 
Portis and Portis studied gastric secretion for several months after 
subtotal gastrectomy in dogs with Pavlov pouches. These investigators 
found no appreciable changes in the acidity of the secretion obtained 
from the pouch; in the main stomach no free hydrochloric acid was 
present, owing to neutralization by intestinal fluids, but the combined 
acidity was high. Recently, Priestley and Mann reported no change 
in gastric acidity after extirpation of the pars pylorica, and found no 
evidence of a humoral mechanism originating in the p3-loric mucosa in 
dogs equipped with pyloric and totally transplanted fundic pouches. 

In man, the results of investigations concerning gastric secretion 
after subtotal resection are difficult to interpret and inconclusive, owing 
to the unsatisfactory manner in which the studies have been conducted.-® 
The reports are based on the results obtained from a single gastric 
analysis after the administration of a test meal. Often the type of 
test meal and the time of extraction are not recorded. As a rule, the 
interval between the operation and the estimation of -gastric acidity 
is not mentioned. The motility of the fundic remnant, the position of 
the tip of the aspiration tube as observed by fluoroscopy and the amount 
of regurgitation as determined by the presence of bile and pancreatic 

18. London, E. S. : Experimentelle Physiologic und Pathologic der Verdauung, 
Berlin, Urban & Schwarzenberg, 1925, p. 157. 

19. Portis, S. A., and Portis, B.; Effects of Subtotal Gastrectomy on Gastric 
Secretion, J. A. M. A. 86:836 (March 20) 1926. 

20. (a) Katsch, G. : Pathologische Physiologic des Magensaftes und des Magen- 
chemismus, in Bethe, A., and others : Handbuch der normalen und pathologischen 
Physiologic, Berlin, Julius Springer, 1927, vol. 3, p. 1118. (&) Goetze, O.: Die 
Motilitat und Sekretion des operierten Magens, in Bethe, A., and others : Hand- 
buch der normalen und pathologischen Physiologic, vol. 3, p. 1199, 
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219, 1922. Smidt, H.; Ueber Magenresektion und Magenchemismus, ibid. 130 : 
307, 1924. Lewisohn, R., and Ginzburg, L.: Relation of Post-Operative Achlor- 
hydria to Cure of Gastric and Duodenal Ulcers, Surg., Gynec. & Obst. 47:493 
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vmyims m tlic gastric contents are details wl:icl 7 are disregarded. 
JJencc, the reports of “anacidity” after subtotal gastrectomy cannot 
i)e accepted ^Ylthout further, more complete studies. Klein " compared 
the acidity of the gastric contents following an Ewald meal, extracted 
alter tlirce quarters of an hour, with the acidity values following a 
Jvehfuss meal, removed at frequent intervals during a period of three 
hours, in the same patient after subtotal removal of the stomach. In 
man} instances he found that free acid appeared only after the first 
houi and then increased in amount in the succeeding specimens, demon- 
stiating that acid values based on a single analysis after an Ewald meal 
aie inadequate. Using the fractional method of analsjds, Klein reported 
that six months after gastric resection for duodenal ulcer 25 per cent 
of the patients showed anacidity (absence of free hydrochloric acid), 
41 per cent h 3 '’po-acidity and 17 per cent hyperacidity. For the last 
group of cases with intractable hyperacidity he suggested division of 
the left vagus in an attempt to eliminate the psychic phase and pos- 
sibly the phase of continuous secretion which he believed to be the 
underlying factors in the failure to reduce acidity after subtotal gastrec- 
tom 3 ^ In a preliminary communication he reported anacidity in 
eight patients from two to six months after vagotomy, Goetze^*"’ 
attributed the high acid values which were encountered in man, even 
after extensive gastric. resections, to the influence of unalterable reflex 
stimuli. 

According to Finsterer,^^ von Haberer and Berg,-® the increasing 
number of recurrences and jejunal ulcers which are being reported 
after subtotal gastrectomy are due principally to inadequate removal of 
the stomach and persistent hyperacidity. In order to overcome the 
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hyperacidity of peptic ulcers and produce a permanent decrease in the 
output of hydrochloric acid, Finslercr* advocates the resection of at 
least two thirds of the stomach, so that a large area of secretory mucosa 
of the fundus is removed as well as the antrum and pylorus. 

In view of the incomplete knowledge concerning the etiology of 
peptic ulcers in man, the necessity of lowering the acidity of the gastric 
juice in order to accomplish a cure is still open to question. As an 
example of the beneficial effects which may be secured without altering 
gastric acidity, the recent good results with mucin therapy may be 
cited. Brown and his co-workers reported that the administration 
of mucin to patients with intractable ulcers results in marked improve- 
ment. They found that mucin in ordinary doses does not diminish 
gastric acidity appreciably when placed in the stomach after a two 
hour fractional test meal, followed by aspirations at frequent inteiwals 
of from four to seven hours. 

Since significant changes in gastric acidity depend essentially on 
alterations in gastric secretion, the following investigation was under- 
taken in order to determine experimentally to what extent the secretory 
mechanism of the stomach can be modified by surgical intervention. 
The operation of subtotal gastrectomy and double vagotomy was chosen 
for this purpose, being considered the most radical procedure which 
could be employed surgically to alter the different phases of gastric 
secretion. 

METHODS 

Complete studies were made on eight dogs. All operations were performed 
under ether anesthesia and with strict asepsis. First, in order to observe gastric 
secretory activity unmodified by such factors as food, abnormal motility and intes- 
tinal regurgitation, a pouch derived entirely from the fundus of the stomach was 
constructed according to the technic described by Pavlov.^® It is important to 
remember that the innervation of a Pavlov pouch remains intact. Then, from 
three to four weeks later, a subtotal gastrectomy was performed according to the 
Polya 30 method and both vagi were divided. The distal two thirds of the stomach 
was resected beginning 3 cm. or more proximal to the incisura angularis and 
extending well beyond the pylorus. After closing the stump of the duodenum an 
end-to-side suture gastro-jejunostomy was done to reestablish the continuity of 
the stomach and small intestine. In order to determine whether the antrum and 
pylorus were removed completely, histologic examinations of the resected speci- 
mens and fundic remnants were made. It was found that although the site of 
demarcation between pyloric and fundic glands was variable in different animals, 
the resections were always carried well beyond the zone of transition, into the 
fundus. 


wS. Brown, C. F. G.: Cramer, S. P.; Jenkinson, E. L., and Gilbert, N. C.: 
Mucm Therapy for Peptic Ulcer, J, A. M. A. 99:98 (July 9) 193? 

29. Pavlov,^ p. 13. 
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t anterior ancl posterior vagi were isolated on tlie abdominal portion of the 
esopliagns and divided. ,In addition, the entire circumference of the esophagus was 

of'^smaH filaments in order to insure complete interruption 

of .mailer hraiiciics of the vagi. This was confirmed later at autopsy. Several 
anatomic dissections of the vagi w'cre made, and the abdominal distribution of the 
nerves corresponded to .AfeCrea’s description.ai At the lower end of the thoracic 
esophagus the right and left vagi break up into plexuses from which they emerge 
as two mam trunks, an. anterior and a posterior one. The nerves then pass 
through the esophageal opening in the diaphragm as two trunks, occasionally as 
three, rarely as four, and send their branches to the anterior and posterior surfaces 
of tlie stomach. 

Gastric secretion was studied in the following manner. After the animals had 
been deprived of food for twenty-four hours, the fasting contents were aspirated. 
TIicii a test meal, consisting of from 100 to 150 Gm. of lean meat and 250 cc. of 
water, was given. Specimens were aspirated for analj’^sis at hourly intervals for 
periods extending from four to seven hours after the administration of the test 
meal ; the pouch was eniptied of its contents each time but only samples sufficient 
for examination were withdrawn from the main stomach. Although there were 
individual variations in the secretory rates of different animals, there was a rough 
parallelism between the curve of acidity and the rate of secretion in the pouch of 
each dog- before and after resection-vagotomj'. This conformed with the previous 
observations of Pavlov, ^2 Hollander and Cowgill ssa and Portis and Portis.^® As a 
rule, 10 cc, of juice was employed for titration; if this amount was not available, 

5 cc. was used. Free, combined and total acid were determined in clinical units by 
titrating against tenth-normal sodium h 3 ’^droxide, using Topfer's reagent and phenol- 
phthalein as indicators. Since in our experiments the hydrochloric acid was present 
principallj'' as free acid in the pouch and in combination with proteins derived from 
meat and mucus in the main stomach, it was desirable for the sake of uniformity 
and simplicity to express the secretory activity of both by a common measure. 
For this purpose the value for total acidity was found to be most practical because 
the curves of acidity in the pouch and main stomach tended to run parallel to 
one another (see experimental results and charts). The gastric analyses were 
conducted in three stages : First, as a control, the response of the intact stomach 
to the test meal was established before any operative intervention. Then the acidity 
of the secretions of the pouch and main stomach was determined, usually from two 
to three weeks after the construction of the pouch. Finally, the secretory activity 
of the pouch and fundic remnant was observed within from five to seventeen days 
after resection-vagotomy and at frequent intervals afterward for periods extending 
from eight to twelve weeks. 

In order to study vagus activity before and after double vagotomy, 2 mg. o 
atropine was injected subcutaneously at the time a test meal was given and a 
gastric analysis was made in the usual manner, the results being compared. 

EXPERIMENTAL RESULTS 

The accompanying tables and charts represent the results which 
were obtained in the eight experiments. 

31. iNI^ea, E. D,: The Abdominal Distribution of the Vagus, J. Anat. 59. IS, 

1924. 

Sa.^HoIffindeu F., and Cowgill, G. R.: Studies in Gastric Secretion, J- Biol 
Chem. 91:151, 19ol. 



Table l.—RcsnUs of Test Meals in Dog 6; Acidity in Clinical Units 
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B. After Fonuntion of Favlov Pouch, 
Before Rcscotlon-Vngotoiny 
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Pouch Stomach 
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S3 Days After Resection-Vagotomy 
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2 Mg. of Atropine Before Resection-Vagotomy 
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20 

20 

4 hours 

4 

12 

16 

0 

10 

10 


2 Mg. of Atropine 84 Days After 
Rcsection-V agotomy 

A 


Fasting 

16 

10 

26 

0 

18 

IS 

1 hour 

22 

12 

34 

0 

24 

24 

2 hours 

10 

12 

22 

0 

16 

16 

3 hours 

10 

14 

24 

0 

32 

32 

4 hours 

48 

12 

00 

10 

42 

52 

5 hours 

62 

12 

94 

15 

30 

45 

6 hours 

108 

12 

120 

12 

20 

32 

7 hours 

100 

14 

114 

0 

16 

16 

57 Days Alter Resection-Vagotomy 


Fasting 

IS 

12 

SO 

0 

14 

14 

1 hour 

118 

8 

126 

0 

102 

102 

2 hours 

130 

8 

138 

0 

108 

108 

3 hours 

118 

6 

124 

0 

62 

62 

4 hours 

84 

10 

94 

12 

32 

44 

5 hours 

32 

14 

46 

10 

12 

22 


Table 2. — Results of Test Meeds in Dog 8; Acidity in Clinical Units 


A. Before Operation 

Stomach 


Corn- 

Free Lined Total 


Fasting 0 16 16 

1 hour. 0 58 58 

2 hours 0 82 82 

3 hours 12 32 44 

4 hours 0 14 14 


B. After Formation of Pavlov Pouch, 
Before Resection-Vagotomy 

Pouch Stomach 

— —A /— ■* 

Com- Corn- 

Free LinedTotal Free Lined Total 


Fasting 

24 

12 

.10 

0 

24 

24 

1 hour 

90 

S 

9S‘ 

0 

52 

52 

2 hours 

100 

S 

lOS 

0 

SO 

S6 

3 hours 

78 

10 

88 

12 

2S 

40 

4 hours 

60 

10 

70 

24 

10 

S4 

5 hours 

38 

12 

50 

0 

12 

12 


2 Mg. of Atropine Before Resection-Vagotomy 


Fasting 

SO 

14 

44 

0 

22 

22 

1 hour 

6 

18 

24 

0 

10 

10 

2 liours 

28 

12 

40 

0 

24 

24 

S hours 

40 

30 

TiO 

0 

54 

54 

4 hours 

ITO 

10 

110 

0 

eo 

CO 

5 hours 

0 hours 

70 

SO 

12 

14 

S2 

44 

0 

0 

42 

18 

42 

18 


C. 12 Bays .\lter Resection-Vagotomy 


Fasting 

10 

14 

no 

0 

14 

14 

1 hour 

4S 

10 


0 

CO 

TsC 

2 liour.s 

44 

32 

.VI 

0 


r.*J 

S iiours 

2t' 

32 


0 

2'* 

20 

4 hn','.T« 

r,c 

10 

02 

0 


nn 

t> hours 

70 

30 

80 

•10 

20 



20 Days After Resection-Vagotomy 

A 

Pouch Stomach 

< ’ , , ' . 

Com- Corn- 

Free LinedTotal Free binedTotal 


Fasting 

8 

12 

20 

0 

12 

12 

1 hour 

02 

10 

102 

0 

40 

40 

2 hours 

94 

10 

104 

0 

52 

52 

8 hours 

C5 

10 

75 

10 

20 

30 

4 hours 

40 

12 

52 

0 

18 

18 

5 hours 

70 

12 

82 

10 

12 

22 

6 hours 

88 

10 

98 

6 

14 

20 

2 Mg. of Atropine, 27 Days After 
Rcsection-V agotomy 
^ 



Fasting 

0 

12 

12 

0 

10 

10 

Ihour 

0 

8 

8 

0 

8 

8 

2 hours 

14 

10 

24 

0 

18 

18 

3 hours 

34 

10 

44 

0 

SO 

SO 

4 hours 

CO 

10 

76 

0 

46 

40 

6 hours 

97 

8 

103 

G 

34 

40 

6 hours 

68 

S 

76 

0 

10 

10 

7 hours 

50 

10 

60 


00 Days After Resection-Vagotomy 


Fasting 

0 

12 

12 

0 

10 

10 

1 hour 

93 

7 

100 

0 

50 

73 

2 hours 

100 

8 

lOS 

4 

53 

50 

S hours 

84 

8 

92 

0 

SO 

'*0 

4 hours 

SO 

G 

sc 

0 

22 

32 

5 hours 

60 

8 

68 

0 

12 

6 hours 

110 

0 

lie 

0 

IS 


7 hours 

PO 

8 

PS 

0 

14 

14 

8 hours 

28 

10 

48 


Two ppctrating Jejunal ulcers. 
One of them perforated, but was 
sealed by the tip of tlie quadrate 
lobe of tbe liver 






' 1 ‘ aiii.e X—J?es !t}ls of Test Meals 
A. JJororo Operntfoii 

' • — • — - I A- 

Stoinjidi 


COH)- 

Treo blDotlTotfl! 


I’listlug... 





1 hour 




lO 

2 hours.,.. 




CO 

3 hoiir.s.... 






1 lioiir.'.... 




42 

C2 


B. Altor I’omntlon of Pnvlov Poucli, 
Belore IBpcptlon-VnKotoiny 




Pouch 
^ 

Slomncli 



Com- 




Com- 


Irec bincdTotnl 

Free bined Total 

Fasting 

0 

8 

8 

0 

12 12 

1 hour 

01 

0 

70 

0 

52 r>2 

2 hours 

no 

4 

111 

14 

SO PI 

3 hours 

(It 

10 

101 

no 

40 70 

1 hours 

03 

12 

81 

IS 

•IG Cl 


C. 12 Pn}'.": Alter lic.vcttoii-VnRotomy 




Pasting 

7 

S 

If) 

0 

12 



32 

1 hour 

14 

8 

22 

0 

13 

10 

2 hours 

43 

73 

50 

0 

30 


3 hours 

no 

12 

02 

0 

no 

:50 

1 hours 

4,' 

15 

CO 

0 

2S 

2S 


m Dog 1 ; Ac idity hi Clinical Units 
M Days After Bcscctlon-Vacotomv 


Poucli Stomach 

. , , — » 


I'astlng 

1 hour 

2 liours 

3 hours 

4 hours 

5 hours 

0 hours 

2 

Ooiri' Coin* 

Free hfned Total Prcc bined Total 
22 14 30 0 22 2'> 

30 14 60 0 38 33 

54 14 C8 0 52 S” 

90 12 108 0 72 72 

li ^2 SO SS 

™ 10 12-1 10 70 SO 

90 14 no 8 44 52 

Mg. of Atropine, SO Days After 
Itcscctlon-Y agotomy 

Vnstfng 

12 

12 

24 

0 

IS 

IS 

1 hour 

0 

10 

10 

0 

10 

10 

2 hours 

14 

14 

2S 

0 

22 

22 

3 hours 

34 

14 

4S 

0 

42 

42 

1 hours 

85 

13 

9S 

0 

GS 

GS 

5 hours 

04 

12 

100 

10 

SO 

00 

C hours 

04 

10 

80 

0 

72 

72 

CS Days After Resection-Vagotomy 


Tasting 

8 

12 

20 

0 

22 

22 

1 hour 

30 

14 

50 

0 

SO 

30 

2 hours 

SS 

20 

74 

0 

SO 

60 

3 hours 

92 

12 

104 

0 

Si 

S4 

4 hours 

112 

12 

124 

10 

SS 

93 

5 hours 

92 

10 

102 

18 

4S 

CG 

6 hours 

42 

12 

54 

10 

30 

40 


a; Bays After Roscctlou-Vaeotomy 
> 


Pasting 

S 

IG 

21 

4 

20 

24 

1 hour 

20 

10 

8G 

0 

33 

38 

2 hours 

32 

14 

40 

0 

02 

52 

3 hours 

38 

18 

CG 

0 

50 

50 

4 hours 

02 

10 

CS 

0 

54 

CO 

liours 

CS 

IG 

84 

s 

34 

42 


Sf Pays After Rewction-Vagotoiny 


Pasting 

12 

12 

24 

0 

24 

24 

1 hour 

40 

12 

52 

0 

60 

BO 

2 hours 

C4 

14 

78 

0 

SO 

SO 

S hours 

OS 

10 

108 

0 

96 

00 

4 hours 

no 

s 

124 

12 

73 

05 

5 hours 

107 

8 

115 

20 

SO 

SO 

0 hours 

81 

14 

05 

8 

SO 

28 


Table 4 . — Results of Test Meals in Doff 2; Acidity in Clinical Units 


A. Before Operation 


Stoinaeli 


Com- 

Pree Pined Total 


Pasting 0 12 12 

1 hour 0 8.1 SI 

2 hours.. 0 32 32 

3 hours 0 80 3(1 

4 hours S .10 G4 

5 hours 2G 14 40 


OS Days After Kesectlon-Vngotomy 


j. 




Pouch 


Stomach 


t 

Com- 


r' — 

Com- 



Free bined Total 

Tree bined Total 

Fasting 

22 

10 

3s 

0 

20 

20 

I hour 

lie 

S 

124 

0 

54 

5/ 

2 hours 

122 

s 

ISO 

0 

00 

00 

3 liours 

118 

10 

12 s 

IS 

BS 

7G 

4 hours 

SG 

14 

100 

10 

CS 


5 hours 

30 

14 

BO 

4 

10 

20 


B. After Ponnation of Pnvlov Pouch, 2 Mg. of Atropine, 31 Dny.s After 

Before Resection-Vagotomy Resection-Vagotomy 

A. — — , , — ' — 

Pouch Stomach 

C'-' ' - “ > r 1 . -A- - - r 

Com- Com- 

Prcc bined Total Free blncd Total 


Fasting 

0 

10 

10 

1 hour 

104 

8 

112 

2 hours 

lOS 

10 

118 

3 hours 

SC 

10 

90 

4 hoars 

48 

12 

GO 

5 hours 

20 

14 

34 


0 

12 

12 

Fasting 

0 

82 

82 

1 hour 

0 

94 

04 

2 hours 

00 

GO 

88 

3 hours 

30 

24 

54 

4 hours 

12 

1C 

28 

5 hours 

C hours 

7 hours 


S 

It 

22 

0 

u 

IG 

10 

20 

0 

18 

34 

10 

44 

0 

SO 

33 

12 

45 

0 

S4 

24 

14 

2S 

0 

SO 

S4 

10 

91 

10 

so 

100 

S 

lOS 

12 

2G 

70 

10 

SO 




— I 


U 

IS 

CO 

C4 

CD 

CO 

S3 


2 Mg. of Atropine Before Resection-Vagotomy 


Pasting 

1 hour 

2 hours 

3 hours 

4 hours 

5 hour.s 
G hours 


IG 

10 

32 

24 

10 

34 

40 

10 

50 

38 

12 

50 

28 

14 

42 

S3 

12 

97 

95 

10 

105 


n ao 92 

0 SO 30 

0 SS 3S 

0 32 32 

0 20 20 

21 10' 40 

SS 10 51 


^ 22 Bays After Resection-Vagotomy 


Pasting 

1 hour 

2 liours 
C liours 
1 hours 
5 hours 


0 

Cl 

75 

*•0 

51 

S 


12 

12 

0 

10 

10 

30 

74 

0 

44 

44 

10 

So 

0 

58 

68 

8 

SO 

0 

52 

52 

10 

04 

0 

35 

35 

10 

24 

0 

72 

22 


54 Bays After Resection-Vagotomy 

- J_ ■■ ■’ — " •* 


p’nsting 

1 hour 

10 

no 

14 

8 

24 

n4 

0 

0 

12 

so 

90 

M 

2 hours 

125 

5 

ISO 

0 

3 hours 

104 

C 

110 

li 

4 hours 

.54 

8 

02 

30 

0 

L 1 
IG 

5 boors 

20 

10 

’JO 




Table S— Results of Test Meals in Dog 3; Acidity in Clinical Units 


A. 


PastinB. 

1 hour... 

2 hours. 

3 hours. 

4 hours. 


Bolorc Operation 


Stomach 

-A - 

Oom- 

Frec blnctlTotnl 
0 12 12 

0 74 74 

0 92 92 

14 28 42 

18 12 30 


B. Alter Formation o£ Pavlov Pouch, 
Before Resectlon-A’'neotomy 


32 Bays After Kcscctlon-VaKOtomy 

Pouch Stomach 

» — - — , 

Com- , 

Free blncd Total Free hlncd Total 


Fasting 

10 

10 

20 

0 

14 

14 

1 hour 

70 

12 

88 

0 

C2 

C2 

2 hours 

00 

14 

no 

0 

74 

74 

3 liours 

82 

12 

01 

0 

82 

82 

4 liours 

00 

■12 

78 

10 

68 

G8 

5 hours 

32 

12 

44 

8 

40 

48 


2 Mb- of Atropine, 35 Days After 
Rcscctlon-'V ngotoiny 

. A _ - 


Pouch Stomach 

, ^ 

Com- Corn- 

Free blned Total Free blncd Total 


Fasting 

24 

12 

36 

0 

18 

18 

1 hour 

90 

8 

98 

0 

70 

70 

2 hours 

92 

10 

102 

0 

80 

80 

3 hours 

58 

12 

70 

8 

32 

40 

4 hours 

36 

16 

52 

18 

16 

34 


Fasting 

10 

10 

20 

0 

20 

20 

1 hour 

0 

14 

20 

0 

16 

10 

2 hours 

10 

12 

22 

0 

20 

20 

3 hours 

so 

12 

42 

0 

30 

30 

4 hours 

41 

14 

55 

0 

48 

48 

5 hours 

GO 

17 

67 





2 Me. of Atropine Before Resection-Vagotomy 


Fasting 

14 

14 

28 

0 

2o 

20 

1 hour 

0 

0 

6 

0 

12 

12 

2 hours 

0 

4 

4 

0 

12 

12 

3 hours 

6 

18 

24 

0 

20 

20 

4 hours 

36 

16 

52 

8 

42 

50 


47 Days After Bcscctlon-VaBotomy 

- - - - —A - — 


Pasting 

0 

12 

12 

0 

10 

10 

1 hour 

81 

14 

95 

0 

CO 

00 

2 hours 

02 

14 

106 

0 

92 

92 

3 hours 

80 

10 

90 

6 

60 

72 

4 hours 

32 

12 

44 

10 

3S 

48 

6 hours 

20 

14 

34 

10 

10 

20 


0. 12 Days After Resection-Vagotomy 


PastinB 

0 

6 

6 

0 

10 

10 

Ihour 

10 

12 

22 

0 

26 

26 

2 hours 

22 

14 

36 

0 

38 

38 

3 hours 

16 

14 

so 

0 

26 

26 

4 hours 

0 

14 

14 

0 

14 

14 

26 Days After Rescetion-Vagotomy 


Fasting 

6 

8 

14 

0 

12 

12 

1 hour 

SO 

10 

40 

0 

30 

36 

2 hours 

38 

12 

50 

0 

46 

46 

3 hours 

32 

14 

46 

8 

34 

42 

4 hours 

12 

14 

20 

0 

16 

10 

5 hours 

6 

16 

22 

0 

12 

12 


59 Days After Resection-Vagotomy 

- fc - - 


Fasting 

14 

12 

26 

0 

20 

20 

Ihout 

92 

10 

102. 

0 

66 

GO 

2 hours 

93 

8 

lOG 

0 

96 

90 

3 hours 

78 

12 

90 

12 

66 

78 

4 hours 

42 

14 

66 

10 

42 

52 

5 hours 

14 

14 

28 

8 

20 

28 


On the sixty-third day general- 
ized peritonitis developed from 
perforated jejunal ulcers 


Table 6. — Results of Test Meals in Dog 4; Acidity in Clinical Units 


A. Before Operation 


Fasting. 

1 hour... 

2 hours.. 

3 hours., 

4 hours. 


Stomach 

- A 

Oom- 

Ftec bined Total 
0 14 14 

0 64 64 

0 96 96 

0 65 65 

20 18 38 


B. After Formation of Paviov Pouch, 
Before Resection-Vagotomy 
■ - \ 

Pouch Stomach 

_ v, _ 


Com- Corn- 

Free blncd Total Free bined Total 


Fasting 

28 

10 

38 

0 

10 

16 

1 hour 

82 

8 

90 

0 

62 

62 

2 hours 

112 

12 

124 

0 

94 

94 

3 hours 

100 

10 

no 

0 

68 

OS 

4 hours 

70 

12 

82 

10 

30 

46 

5 hours 

42 

32 

54 

10 

14 

24 

C hours 

30 

10 

40 

0 

14 

14 


2 Mb. of Atropine Before Rcsection-Vnsotomy 


Fn.stlns 

1 hour 

2 hour.s 

3 hours 

4 liour-s 

5 liours 

6 hours 

7 liours 

C. 


32 

22 

44 

0 

20 

26 

20 

10 

30 

0 

10 

16 

4 

8 

12 

0 

14 

14 

32 

10 

42 

0 

40 

40 

72 

10 

82 

0 

66 

65 

84 

10 

94 

36 

76 

92 

92 

5 

100 

24 

74 

98 

32 

12 

44 

0 


22 


17 Days Alter Rcscctlon-VaBotomy 


ra?tttig 

0 

IS 

IS 

0 

10 

10 

1 hour 

12 

10 

25 

0 

£0 

20 

2 hours 


16 

35 

0 



3 hours 

32 

14 

46 

0 

49 

40 

4 hours 

36 

14 

TO 

0 

SO 

SO 

6 hour? 

14 

12 

2n 

0 

ir 

ir. 


31 Days Alter Resection-Vagotomy 

— A - ■ ■ ■ _ ■ , _ , . ■ 

Pouch Stomach 

^ , , * , 

Com- Corn- 

Free bined Total Free bined Total 


Fasting 

10 

16 

26 

0 

18 

IS 

1 hour 

24 

12 

36 

D 

32 

32 

2 hours 

52 

12 

64 

0 

68 

5S 

3 hours 

60 

14 

74 

10 

60 

70 

4 hours 

72 

16 

88 

8 

38 

46 

5 hours 

48 

14 

62 

0 

22 

22 


45 Days After Resection-Vagotomy 


Fasting 

8 

16 

24 

0 

24 

1 hour 

46 

14 

GO 

0 

60 

2 hours 

82 

1C 

98 

0 

82 

3 hours 

100 

10 

110 

10 

82 

4 hours 

102 

12 

114 

12 

52 

5 hours 

72 

IS 

DO 

0 

IS 

2 

Mg. of Atropine, 47 

Days After 


Resection-Vagotomy 


Fasting 

1C 

14 

30 

0 

20 

1 hour 

12 

12 

24 

0 

16 

2 hours 

8 

12 

20 

0 

14 

3 hours 

14 

16 

SO 

0 

34 

4 hours 

5C 

10 

66 

0 

60 

S hours 

9G 

14 

110 

0 

SO 


24 

60 

S2 

92 

Gi 

IS 


20 

26 

14 

34 

60 

80 


CO Days Alter Resection -Tngotomy 


Fasting 

1 hour 

2 hours 
S hours 
i hours 
5 hours 
C hours 


0 

64 

18 

1C 

IS 

SO 

0 

0 

22 

CO 

O.) 

C6 

04 

14 

103 

0 

90 

90 

504 

18 

122 

c 

94 

200 

112 

14 

1£C 

12 

TO 

82 

76 

34 

£>*> 

0 

cn 

ro 

a 

22 

46 







Taiilf. /.—Results of Test Meals in 


Dog 5; Aetdity in Clinical Units 


liclorc Oppriitlon 

— 




Stomach 

Fnsting 

Com- 

Free bined Total 

1 hour 



2 hotir.s 


So 8u 

3 hours 



4 hours 


15 23 


B. Alter I'ormntion of Pnvlov Pouch, 
Before Rcsection-VnKotoinv 

K 


roucli Stomnch 

Com. Com- 

Tree bIncdTotnl Tree blncd Total 


Fasting 

4 S 

12 

S 

S 

16 

1 hour 

12 15 

27 

0 

S2 

82 

2 hours 

24 IS 

42 

2S 

32 

60 

3 hours 

G 12 

IS 

20 

20 

46 

4 hours 

0 8 

S 

G 

12 

18 


12 Da3’s After Rcscction-Tngotomy 


Pasting 

1 hour 

2 hours 

3 hours 

4 hours 


Jough Stomach 

Com- ' CotT ' 
Pree hined Total Tree blned Total 


0 

22 

30 

30 

33 


12 

12 

0 

s 

S 

13 

35 

a 

65 

TO 

22 

52 

S 

43 

56 

20 

59 

0 

IS 

IS 

17 

52 

0 

14 

14 


19 Days After Reseetion-A^agotomy 


Fasting 

20 

IS 

3S 

0 

26 

20 

Ihour 

40 

14 

54 

5 

70 

75 

2 hours 

CO 

15 

75 

C 

45 

51 

3 hours 

64 

IS 

S2 

0 

21 

22 

4 hours 

32 

10 

42 

0 

20 

20 


O. 5 Days Alter Hesectton-Vagotomy 


Fasting 

G 

S 

14 

0 

S 

S 

1 hour 

20 

10 

30 

0 

42 

42 

2 hours 

4 

S 

12 

0 

IS 

18 

3 hours 

0 

10 

10 

0 

13 

13 

4 hours 

0 

10 

10 

0 

S 

S 


2 Mg. of Atropine, 23 Daj’s After 
Resectlon-Pagotomy 


Fasting 

39 

6 

45 

0 

25 

25 

1 hour 

0 

IS 

IS 

0 

23 

23 

2 hours 

0 

23 

23 

0 

32 

32 

3 hours 

4 

25 

29 

0 

40 

40 

4 hours 

60 

22 

82 

0 

75 

75 

5 hours 

35 

25 

60 

0 

45 

45 


Table 8. — Results of Test Meals in Dog 7 ; Acidity in Clinical Units 


Fasting. 

1 hour... 

2 hours.. 

3 hours.. 

4 hours.. 


A. 


Before Operation 

f -- 

Stomach 

Corn- 

Free bined Total 


29 Days After Resection-A’agotomy 

Pouch Stomach 

' ' ' — ' 

Com- Corn- 

Free bined Total Free bined Total 


0 

12 

12 

Fnsting 

IS 

12 

SO 

0 

16 

0 

72 

72 

1 hour 

52 

10 

62 

0 

52 

0 

104 

104 

2 hours 

110 

12 

122 

0 

S3 

IS 

46 

64 

3 hours 

IIS 

10 

12S 

0 

40 

0 

32 

32 

4 hours 

47 

14 

61 

10 

IS 




5 hours 

20 

12 

32 




1C 


ss 

■10 

23 


B. After Formation of Pavlov Pouch, 
Before Resection-Vagotomy 


Pouch 


Stomach 


Com- Com- 

Free bined Total Free bined Total 


Fasting 

0 

6 

G 

1 hour 

100 

12 

112 

2 hours 

120 

10 

130 

3 hours 

94 

16 

110 

4 hours 

72 

16 

ss 

5 hours 

24 

IS 

42 


OSS 
0 C4 64 

0 112 112 

la 60 75 

0 32 32 


2 Mg. of Atropine 


Pasting 8 

1 hour 26 
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The formation of a Pavlov pouch had no appreciable effect on 
gastric secretion. Although from 25 to 30 per cent of the fundus was 
utilized for the construction of the pouch, after from two to three 
weeks the secretory response of the main stomach was practically the 
same as before the operation. The secretion from the pouch had a 
high acid titer. 

After subtotal gastrectomy and double vagotomy a temporary 
diminution in acidity occurred in the secretions obtained from the main 
stomach remnant and the pouch in all of the animals, the acid values 
being approximately one-half the preoperative level. This phenomenon 
lasted approximately for from twelve to thirty-three days and repre- 
sented a true depression in secretory activity because the acidity in 
the pouch was reduced approximately to the same extent as the acidity 
in the main stomach. It is important to note that the curves of total 
acidity in the pouch and main stomach tended to run a parallel course 
throughout the entire experiment and that one was practically always 
the counterpart of the other, the acid in the pouch being present nearly 
entirely as free hydrochloric acid and in the main stomach in the 
combined form. In the gastric remnant the acid values were usually 
lower than in the pouch, the difference depending probably on the degree 
of neutralization which resulted from the regurgitation of alkaline intes- 
tinal contents and the motility of the stomach. 

Subsequently, the secretion of acid returned to its original preopera- 
tive level, the rate of recovery varying in different animals. In dogs 
1, 2, 3, 4, S and 6 the acidity in the main stomach and pouch was 
found to have returned to its original values within from three to 
eight weeks after resection-vagotomy. Except for the fact that the 
maximum acidity in dogs 1 and 4 appeared from three to four hours 
after the test meal instead of in the second hour, the final curves of 
secretion could be very nearly superimposed on those obtained before 
operation (table 1 and charts 1 and 2). In dogs 7 and 8, after forty- 
two days and sixty days respectively, the acidity in the pouch was 
practically the same as before subtotal gastrectomy and vagotomy, but 
in the main stomach the total acidity remained somewhat lower than 
the original values (table 2 and charts 3 and 4). In dog 8, there 
was a secondary rise to maximum acidity in the fifth and sixth hours 
after the test meal in addition to the primary peak reached during the 
second and third hours. In these two animals the emptying time of 
the fundic remnant was extremely rapid and there was an unusual 
amount of regurgitation of intestinal contents, so that practically every 
sample contained large amounts of bile. The results of these experi- 
ments demonstrate that the total acidity in the main stomach after 
gastric resection depends on the motility of the fundic remnant, the 
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Cliart 1 (dog 3).— Curves of total acidity in main stomach: 1, before opera- 
tion; 2, after formation of Pavlov pouch; 3, after formation of Pavlov pouch and 
injection of 2 mg. of atropine; 4, twelve days after resection and vagotomy; 5, 
twenty-six days after resection and vagotomy ; 6j thirty-three days after resection 
and vagotomy/ 7 , thirty-five days after resection and vagotomy, with injection of 
2 mg, of atropine; S, fift 3 ''nine days after resection and vagotomy. 
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Chart 2 (dog 3). — Curves of total acidity in Pavlov pouch: Z, after {ornintion 
of Pavlov pouch; 3, after formation of Pavlov pouch and injection of 2 mg. ot 
atropine; 4, twelve days after resection and vagotomy; 5, twenfy-si.v days a ter 
resection and vagotomy; 6, thirty-three days after resection and vagotomy, /. 
thirty-five days after resection and vagotomy, with injection of 2 mg. ot atropine. 
S, fifty-nine daj's after resection and vagotomy. 
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Chart 3 (dog 7).— Curves of total acidity in main stomach: 1, before opera- 
tion; 2, after formation of Pavlov pouch; 2, after formation of Pavlov pouch and 
injection of 2 mg. of atropine; 4, fifteen days after resection and vagotomy; 5, 
twenty-nine days after resection and vagotomy (bile, 4 plus) ; 6, thirty-two days 
after resection and vagotomy, with injection of 2 mg. of atropine; 7, forty-two 
days after resection and vagotomy (bile, 4 plus). 
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Chart 4 (dog 7). —Curves of total acidity in Pavlov pouch: 2, after formation 
of Pavlov pouch: S, after formation of Pavlov pouch and injection of 2 mg. of 
atropine; 4, fifteen days after resection and vagotomy; 5, twenty-nine days after 
resection and vagotomy (bile in stomach. 4 plus) ; 6, thirty-two days after resec- 
tion .and vn.eotomy. with injection of 2 mg. of atropine; ", forty-two days after 
resection .and vn.gotoiny (bile in stomach. 4 plus). 
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I'l,'. l''iT "‘■■""■■•■'^"'01' ly rcgurgitaled 

nil, >I|,|,,I llui.ls, 1 1,„ |„v,sa,ce ui sccr< l..,y aclivily is slioivn by the good 
ropoiisc oi the jHdidi. 

Atmpiik' iiiji'ctc^’d j^injiiliancon.ch- with the achninistration of a test 
itical caused a iiiarkt;d dcj)rc5sion in sccrciion hi the pouch and main 
Mnniach m all of tlie animals. The inhibitorv effect Jasted from two 
to Joiu hotits .md was just as marked after subtotal gastrectomy and 
flonlde \agotomy ns before. As the action of atropine wore off, secre- 
tion was resumed and the acid values gradually rose to a peak almost 
ns higii as tiic figures attained previously without atropine. Repeated 
iujcittous prolonged the jicriod of inhibition, but secretion ahvavs 
returned. 


A rough parallelism between (he curve of acidity and the rate of 
secretion occurred in the fundic remnant just as in the pouch. Since 
(he magnitude of dilution of the gmstric contents by the test meal was 
npproxinintcJy the same before and after resection-vagotomy — ^the total 
volume of flic test meal being alike under both conditions — changes in 
the rale of .secretion were reflected roughh' in the curve of acidity owing 
to lltc relatively constant dilution factor. TJierefore, the return of 
acidity in the fundic remnant after resection-vagotomy was indirect 
evidence of the reestablishment of the secretory rate. This obsen’-ation 
is particularly significant so far as the conditions in the fundic remnant 
arc analogous to those which exist in man after subtotal gastrectomy. 

Without trying to make an\- forced interpretation of the titration 
figures and curv'cs presented, and fully aware of the variables and the 
limitations of the methods employed in this type of investigation, we 
believe that the sum total of three hundred add titrations show definitely 
that sufficient!}' large amounts of acid occurred with a sufficient fre- 
quency to lead to the una\'oidablc conclusion that the physiologic mecha- 
nism of acid secretion was reestablished after resection-vagotomy. 

During the progress of the experiments it was noted that the 
condition of the skin in the region of the Pavlov pouches was a good 
indicator of the amount of acid secreted at various stages of the inves- 
tigation. As a rule, in dogs with Pavlov pouches, the skin adjacent to 
the external orifice is digested rapidly by the highly acid juice unless 
it is protected constantly by the application of neutralizing dressings, 
such as magnesium oxide powder and zinc oxide ointment. After 
gastric resection and vagotomy and concomitant with the temporary 
reduction in gastric acidity the neutralizing dressings could be dispense 
with, and in cases in which digestion of the skin had occurred hea 
took place rapidly. However, after three or more weeks, wit le 

gradual return of gastric acidity the skin began to break ’ 

and frequent neutralizing dressings had to be resumed in or e 
prevent extensive digestion of the abdominal wall. 
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At poslmorlcni examination jejunal ulcers were found in two 
animals. In dog 3 there was a generalized peritonitis due to two pci- 
forated jejunal ulcers located about 8 cm. distal to the stoma. In 
addition, several smaller lesions were present. In dog 8 two marginal 
jejunal ulcers were found. One of them had perforated and the opening 
was sealed over by the tip of the quadrate lobe of the liver. Just 
distal to the suture line there was another superficial irregular jejuna! 
ulcer. It is interesting to note that the gastric acidity in these animals 
was no higher than in the ones in which no ulcers developed. Others 
have also reported the occurrence of jejtmal ulcers in dogs after 
subtotal gastrectomy. 

F.rCTORS CONCERNED IN THE RETURN OK GASTRIC ACIDITV AFTER 
SUBTOTAL GASTRECTOMY AND DOUBLE VAGOTOMY 

The return of acidity after subtotal gastrectomy and double vagot- 
omy is due to a number of factors which serve to maintain gastric 
secretion after the loss of the antrum and pylorus and division of 
the vagi. 

First, section of the main branches of the vagi does not eliminate 
their influence on gastric secretory activity. This is demonstrated 
clearly by the studies with atropine which show that its pharmacologic 
action on the secretion of acid is practically the same after vagotomy 
as before. The vagi are parasympathetic nerves which terminate in 
the ganglionic plexuses of Meissner and Auerbach located in the wall 
of the stomach.^^ Kuntz established the fact that these plexuses con- 
stitute an intrinsic reflex arc. Interruption of the continuit}'’ of the 
main vagus trunks cuts out the preganglionic fibers, but the post- 
ganglionic fibers remain intact. Atropine paralyzes the postganglionic 
mechanism of the parasympathetic nerv'es and arrests secretions which 
depend on central innervation. Its site of action is localized in the 
nerve endings or receptive substance and it is mutually antagonistic 
with pilocarpine.^® This explains the phenomenon of atropine inhibition 
after section of the vagi. Since the entire intrinsic nervous mechanism 
of the stomach i-emains intact, it is evident that the phases of gastric 
secretion which are controlled by the vagi, namely the cephalic and 

33. London.1® Koennecke, W. : Experimentelle Untersuchungen fiber die 
Bedeutung des Pylorusmagens ffir die Ulcusgenese, Arch. f. Min. Chir. 120:537, 
1927. Ivy, A. C. : Personal communication to the authors. 

34. MeSwiney, B. A.: Innervation of the Stomach, Physiol. Rev. 11:478, 1931. 

35. Kuntz, A. : On the Occurrence of Refie.x Arcs in the Myenteric and Sub- 
mucous Plexuses, Anat. Rec. 24:193, 1922. 

36. Sollmann, T.t A Manual of Pharmacology, Philadelphia, W. B. Saunders 
Company, 1932, p. 389. 
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phuso. cvmn...t he niodi/icd hy vagotomy. Recently Klein 
.Uiemptcd^ to dcnnvaie transplanted gastric pouciics by eliminating 
.Aiierbacli s plexus, sitiiatnl hetu-cen the muscular layers of the wall 
ot the stomach. Jlcnvever. it is practically impossible to denervate a 
!H)iieh as long as the stibmncosa remains intact. Kuntz demonstrated 
that in the snbmncosa there arc an enormoti.s number of small ganglions 
.md ple.xiises which send jjhcr.s tn the nniscnlaris mucosae, the glands 
in the nnicosa and the gastric cjiithclium. The libers wdn'ch terminate 
in the e[)itheliiim are jirobahly dendrites of nenrons in the submucous 
ple.Niis. 1 lie cells in the latter arc j)robably of vagus origin, although 
siiiiK; may be .synifiathctie. J he histologic and pharmacologic studies 
ot Ken Kure and his co-workers ■''* indicate that there are efferent 
parasym[)athctic tlhcrs in some of the dorsal roots and other elements 


of the sympathetic nen’ous system which reach the stomach independ- 
ent of the vagus. 'J'he splanclmic nerves, although predominantly 
inhibitory in nature, ;ilso carrv excitatory fibers in them.^® Obviously, 
division of the vagi does not affect these nerves. 

Second, subtotal gastrectomy has only a temporary effect on the 
chemical phase of secretion. Although removal of the pylorus and 
antrum is accompanied by a reduction in acidity, the effect is a transient 
one and is follou'cd bj- a return of acid secretion. Apparently, if 
a hormone is elaborated in this part of the stomach, its presence is 
not essential for the secretion of acid by the fundus. Local mechanical 
and chemical stimuli and secretagogues continue to act and contribute 
to the full recovery of the second phase. 

Third, the intestinal phase remains unaltered and continues to exert 
an influence on secretion. The recent investigations of Crider and 
Thomas indicate that reflex stimuli originating in the small intestine 
during digestion may be responsible for a larger proportion of the total 
gastric secretion than is manifest from previous studies. Moreover, 
after subtotal gastrectomy, the emptying time of the fundic remnant 
is shortened to one-half and the influence of the intestinal phase 
manifests itself earlier than in the normal stomach. 


37. Klein, E.: Gastric Secretion: II. Studies in a Transplanted Gastric 
Pouch Without Auerbach’s Plexus, Arch. Surg. 25:442 (Sept.) 1932. 

3S. Kure, Ken; Ichiko, Kin-Ichi, and Ishikawa, Kysusabura: On the Spma 
Parasympathetic, Quart. J. Exper. Physiol. 21:1, 1931. Kure, Ken; Saegusa, en- 
Ichi; Kawaguchi, Ken, and Yamagata, Kenchi: On the ^'•asympa , 

ibid. 21:103, 1931. Kure, Ken; Ikeda, Ryoji; Ichika, Km-Ichi, and Wada. 
Yasukiko: On the Spinal Parasympathetic, ibid. 21:119, 1931. 

39. Kuntz, p. 213. . ' . 

40. Crider, J. O., and Thomas, J. E.: Influence of Certain Condemns m the 
Duodenum on the Rate of Secretion and Acidity of the Gastric Juices, 

Physiol- 101:25, 1932. 
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Fourth, the margin o{ reserve with respect to secretory surface area 
and the capacity of the glandular epithelium of the stomach to regen- 
erate are factors ^Yhich must be reckoned with in any attemj)t to 
diminish permanently by extensive gastric resection the amount of 
hydrochloric acid secreted by the fundus. Altliough exact quantitative 
studies have not been made, it is probable that the fundus, just like 
other secretory organs, such as the liver and ])ancrcas, can accommodate 
itself to the extirpation of a large portion of its surface epithelium 
without any permanent diminution in the output of hydrochloric acid. 
The cytologic investigations of Griffmi and Vassalc ” and of Fergu- 
son^" demonstrate the excellent regeneration of the gastric glands after 
the experimental removal of large areas of mucosa. 

Finally, the results of tissvre cvdtvwe studies indicate that glairdular 
epithelium, like other body tissues, tends to continue its functional 
activity when explanted. A pure strain of thyroid cells produces colloid 
morphologically identical with that found in the adult gland.'*® Kapel’s 
work indicates, on admittedly incomplete evidence, that embryonic 
gastric epithelium grown in vitro may secrete mucus and possibly 
enz3fmes. According to Kuntz, “secretion is an inherent function of 
gland cells, and constitutes a manifestation of their metabolic activity,” 
Gastric secretion is not interrupted in the absence of nervous impulses, 
but continues subject only to the measure of control which is afforded * 
by nonnervous factors.^® 

COMMENT 

Although it is recognized that due allowances must be made for 
differences in species, we believe that the results of our experiments 
are significant with respect to man because the bulk of our knowledge 
concerning the physiology of the stomach is based on observations 
on dogs, which have been verified in man. In investigations dealing 
with estimations of gastric acidity, it is always necessary to distinguish 
between results due to neutralization factors and actual alterations 
in secretory activity. In dogs this can be done with relative ease by 
studying the pure secretions in pouches. In man it is more difficult 


41. Griffini, L., and Vassale, G. : Ueber die Reproduktion der Magenschleim- 
baut, Beitr. z. path. Anat. u. z. allg. Path. 3:428, 1888. 

42. Ferguson, A. N.; A Cytological Study of the Regeneration of Gastric 

Glands Following the Experimental Removal of Large Areas of Mucosa Am T 
Anat. 42:403, 1928. ’ 


43. Ebeling, A. H.: A Pure Strain of Thyroid Cells and Its Characteristics 
J. Exper. Med. 41:337, 1925. 

44. Kapcl, O.: Einige Untersuchungen fiber das Verhalten des Epithels in 
Vitro, Arch. f. exper. Zellforsch. 8:35, 1929. 

45. Kuntz,”b p. 218. 
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tnfliss„cia{c ihv. two i)ccausc indirect methods must he employed. Earlier 
>» 'Ix' !>.'M>er It was ]>omfed out that il,e reports in the literature con- 
a-rmn.i; p'astnc secretion in man after subtotal removal of the stomach 
tor ulcer \vcrc inconclusive, owini? to inadequate methods. Since 
one ot^ the primary ohject.s of K’astric resection is to induce a permanent 
un'iictioii ill acidity and .since the results of experimental investigations 
indicate that iiitrin.^c comj?cnsatory mechanisms militate against any 
permanent modifications in the secretion of hydrochloric acid, it is 
tuxe.'-'sar) (o reinvestigate tlie problem, using more accurate methods 
than liave been employed lierctoforc. 


.A siifiicient Icngtli of time must be allou'cd to elapse before it can 
he <leterniined definitely wlictlier nnj' permanent modification of gastric 
secretion has dcvcIojK'd after subtotal gastrcctom}'. Gastric analyses 
should he made at frequent intervals and according to the fractional 
method for periods extending from four to six hours after the admin- 
i.'itration of a uniform test meal. The presence of bile in specimens 
of gastric contents is presumptive evidence that there is a large admix- 
ture of intestinal fluids, and under such conditions the acid values are 
unreliable owing to neutralisation factors. With a small remnant 
of fundus and a large stoma it is important to ascertain the position 
of the tip of the aspirating tube b}*' fluoroscopic examination in order 
“to make sure that it is not too close to the lumen of the intestine. 
The emptying time of the stomach must be known. In the presence of 
a test meal the total acidity is a better gage of the output of hydro- 
chloric acid than the free acidity, and the estimation of total chlorides 
may give additional corroborator}'- information concerning the secretion 
of acid. In the complete absence of titratable hydrochloric acid the 
potential secretory function of the gastric remnant can be determined 
by the response to histamine. The term “aiiacidity” is confusing because 
it is used by different investigators to convey different meanings and 
should be replaced by more definite terms, such as achlorhj'dria and 
hypochlorhydria. In interpreting the results of analyses the factor of 
individual variation and the limitations of the methods employed must 
be considered constantly. Attention to details of the type just outlined 
will render it possible to evaluate properly the end-results of subtotal 
resection for peptic ulcer in man with respect to gastric acidity. 


CONCLUSIONS 

1, Subtotal gastrectomy and double vagotomy in dogs induce only 
a temporar)^ reduction in gastric acidity, which is due principally to a 
transient decrease in the secretory activity of the fundic remnant. 
This is followed by a return of acidity and secretary function. 
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2. The stomach is endowed with highly cnicient comjjcnsalory 
mechanisms which provide for the continnation of secretion of liydro- 
chloric acid by the fundus after removal of the antrum and pylorus 
and section of the vagi. 

3. The fact that division of the vagi docs not abolish the inhibitory 
action of atropine indicates that the intrinsic postganglionic mechanism 
remains intact. 

4. Jejunal ulcers develop not infrequently after subtotal resection 
in dogs. 

5. It is important to distinguish between a diminution in gastric 
acidit}^ which is due to neutralization and a change which represents 
a real decrease in secretorj' function. 

6. There is no experimental proof or convincing clinical evidence 
to support the hypothesis that subtotal gastrectomy, even combined 
with vagotomy, is the operation of choice for the surgical cure o£ 
peptic ulcer in man on the basis that it provides for a permanent 
lowering in the secretion of hydrochloric acid and thus prevents the 
development of recurrences and jejunal ulcers. 


ACSIIKI'TIOX OF L'FEA FROM TME BLADDER 

I‘RJ-DI-RICfv A. I'HXDKR. M.D. 

HO.^TO.V 


i'or over one Inuidrod years speculation lias occurred in regard to 
fht> [HTiiicahility of the bladder wall to physiologic as well as foreign 
suhstaiices. The reason for again taking up the subject is that a pos- 
sible tlitiiea! ajiplication arose that sectned to warrant investigation. In 
a [i.uient of this clinic, tollowing an injury that ainoiinted to transection 
of the cervical cord a marked cystitis developed, a complication tliat 
petsisted in S[)itc ot cystotomy and generous lavage of the bladder. 
\\ ith this, there developed an abnormally high nonprotein nitrogen 
content of the blood, thoiigli a high fluid intake and output had been 
maintained, and though the function of the kidne 3 's as measured by 
phcnolsuiphonpiithaleiu excretion was good. In a conversation with 
Dr. brank Frcmont-Smitli of the Harvard Neurological Unit, the 
possibility of reahsorption from the bladder was suggested as responsible 
for tin’s turn of events, and the inquiry outlined here was undertaken 
in an effort to evaluate this possibilit}'. 

Thoiigli it has been done in earlier papers, some of the salient 
c.xpcrimcnts may he capitulated. It should be made clear that the 
following material and the bibliographic references represent only 
fragments of the bulk of the work on this subject. For brevity's sake, 
only more prominent contributions have been included. 

Kaupp,^ as a medical student in 1856, compared specimens of his 
own urine voided hourly through the day with specimens retained for 
periods of twelve hours. Over a considerable period of time the retained 
urine was consistently lower in urea, water, sodium chloride, phosphates 
and sulphates. Kaupp believed this to be due to reabsorption of these 
into the blood stream, 

Treskin,- in 1872, placed previously analyzed material into ^ the 
bladders of dogs and reexamined specimens after the passage of various 
periods of time. Changes in the urea content, as well as in the volume, 
chlorides and specific gravity were thought attributable to interchange 
with the blood by diffusion through the bladder wall. 

Ashdown ® used three methods to establish his belief that the norma 
bladder is capable of absorption: He was able to poison dogs witi 


From the Neurosurgical Service of the Boston City Hospital, the Department 
of Surgery of Harvard Medical School and the Harvard Neurological Unit. 

1. Kaupp, W. : Arch. f. physiol. Heilk. 15: 125, 1856. 

2 Treskin: Arch. f. d. ges. Physiol. 5:374, 1872. 
s! Ashdown, H. H.: J. Anat. & Physiol. 21:299, 1886-1887. 
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FENDER— ABSORPTION OF UREA FROM BLADDER 

strychnine and other solutions introduced via a catheter; iodine iden- 
tified by starch, was {ound to pass from the proximal ends of divided 
ureters after introduction into the bladder, a solution of urea decreased 
in concentration on remaining in the bladder. 

Gerota,-* in lS97,-made observations on urine that had remained in 
the bladder after division and ligation of the ureters and found changes 
which he ascribed to absorption through a permeable bladder wall. 

In the same year, Morro and Gabelein,"’’ investigating the matter 
because of a possible clinical application, found that “mentionable” 
quantities of a number of substances introduced into the bladder of dogs 
were absorbed. Of salt, sugar, urea, boric acid, phenol, alcohol, potas- 
sium chloride, cocaine, quinine and morphine, only morphine failed of 
absorption. The}^ concluded that great care should be taken in the 
clinical employment of cocaine (advice that has gone unheeded with 
fatal result since), and that phenol should not be used. 

Cohnheim,® in 1901, closed the discussion for some years with a 
paper in which he reported work of a similar nature with a different 
outcome. He likewise, introduced “physiologic” and “nonphysiologic” 
or toxic material into the bladders of dogs, examining the first chemically 
before and after remaining in the bladder, and noting the systemic 
effects of the second. He concluded that the bladder wall is not a 
permeable membrane, even for water, unless a noxious substance has 
previously altered its native qualities. 

Resuming investigation of the subject in this country, Macht,^ in 
1918, reported an interesting series of experiments on male dogs, taking 
as the criteria for his results systemic changes wrought by suitable 
substances placed in the bladder. Thus, the residual inhibitability of 
the heart by vagus stimulation was taken as evidence of atropine absorp- 
tion, and fatal poisoning as indicative of absorption of nicotine. This 
investigator perhaps was the first to discriminate carefully between 
the respective roles of the bladder and posterior urethra in absorption. 
He found little or no evidence of absorption of the three groups of 
substances studied, alkaloids (atropine, pilocarpine and nicotine), anti- 
septics (phenol and cresol) and anesthetics (cocaine and alypin), unless 
these were allowed to come into contact with the urethra. In this case, 
evidence of absorption usually appeared promptly. Even potassium 
cyanide, in doses of from 100 to 250 mg. failed of effect until it acted 
on the posterior urethra. 

4. Gerota, D. : Arch. f. Physiol., 1897, p. 428. 

5. Morro and Gabelein : Ztschr. f. klin. Med. 32:12, 1897. 

6. Cohnlieim, O. : Ztschr. f. Biol. 41:331, 1901. 

7. Alacht, D. I.: J. Urol. 2:43 (Feb.); 211 (June) 1918. 
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I wo yam later. i,.sin!,r cats and rabbits, introduced physio- 

io::icalIy-siput(icant comvntrations of salt solution. Li addition to 
i-batiycs ill the amounts of salt, the author noted absolute shifts in the 
water by fib.seryiui; chau.ires in concentration of a substance (hemo- 
.uiobin.l in ctdloidal snsiiension. llis re.<ults may be summarized thus: 
Wjth 1 per cetit solution, the water and salt remained the same; with 
0,.'' pel cent, water was aiisorbed. and salt remained the same; with 
.''ohitiotis of 0.25 per cent or less, there was a decrease in water and 
an incioase in salt; in solutions of 2 jier cent, the reverse of this took 


place. Shoji hehl it proved tliat the bladder epithelium is permeable 
to water and sodium chloride. 


Mann and ^^al^outl.'’ in 1925, assumed that absorption of small 
•piantitios ot material can take place after recovering, from the proximal 
end.s of divided ureters, phcnolphtlialein and indigo carmine previously 
introduced into the bladder. 


The following year, Vickers and INIarshal found definite diminu- 
tion in urea and salt left in the rabbit’s bladder. A disproportionately 
great loss of urea with the use of 0.7 molar solution was thought due 
to injury of the bladder wail by the drug. 

In 1925, Schdnfcld and Muller investigated absorption from 
the bladder in man from a clinical point of view, following deaths from 
the use of derivatives of cocaine. They found evidence of absorption 
of pilocarpine and tuberculin. 

In spite of contradictions appearing in the foregoing, it seems 
reasonable, after analysis, to make several assumptions : 

1. Excluding all part of the urethra, the bladder wall is slightly 
permeable to substances found normally in the urine, specifically, water, 
sodium chloride and urea. 

2. Other substances may be transmitted to a slight extent, but the 
possibility of alterations in the normal physiology of the wall must be 
associated with any such consideration. 

3. Trauma or inflammation grossly increases the perraeabilit}^ of 


the bladder. 

These seem fair conclusions to draw. They do not embrace the 
whole question, but more specific conclusions involve considerable di - 
ferences of opinion and cannot be said to rest on impregnable experi- 
mental work. The variations in. results admit of several possib e 
explanations that will not be discussed here, except to say that fai ure o 


8. Shoji, R.: J. Physiol. 54:239 (Dec.) 1920. 

9. Mann, F. C, and Magoun, J. A. H.; A J- ' 

10. Vickers, J., and Marshal, E. D.- Am J. Physwl ^ 72:291 

11. Schonfeld, W., and Muller, W. G.: Munchen. med. Wcbnsch . 

(Feb. 20) 1925. 
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confine svibstanccs to the hluddcr ulouc nnd IfiutuKi inherent in the 
method must have alTected the results in several eases. 

The method that my co-workers and 1 used in onr approach to the 
subject is a crude one. purposely so. Onr interest was clinical, rather 
than physiologic, and designed to answer a specific question within 
certain limits. And the method, as shown by the negative control 
experiments, is suitable within those limits. 

METHOD 

Cats were anesthetized with sodium amytal, 7 cc. of a 1 per cent solution 
per kilogram of body weight being given intraperitoneallj' from twenty to thirty 
minutes before operation. At operation, a midline incision was made. The intes- 
tines were walled off with cotton moistened with warm physiologic solution of 
sodium chloride. The neck of the bladder was grasped in a fine snap. The 
ureters were tied and severed close to the bladder. Urine was withdrawn from, and 
substances introduced into, the bladder by means of a needle, the puncture being 
made in an avascular region, and the needle remaining in place throughout in order 
to avoid additional trauma. Specimens of blood were withdrawn from the 
vena cava from time to time with a fine needle, about l.S cc. being taken for 
each analysis. The cava was entered obliquely, and a warm, moist cotton pledget, 
laid gently against the puncture wound, sufficed to control hemorrhage. Care was 
taken to avoid irrelevant trauma, the bladder and other viscera being covered with 
cotton moistened with warm physiologic solution of sodium chloride during the 
extent of the experiment. The bladder was never distended to any extent by 
introduction of solutions, the amount introduced usually approximating that of 
urine withdrawn, and the injection being made very gently. Surgical solution 
of chlorinated soda (Dakin’s solution) used was freshly made in each case. In 
the one instance in which it seemed that an active flow was not maintained in the 
vena cava, the whole experiment was discarded. 

EXPERIMENTAL WORK! 

Specimens of blood from the vena cava were examined for non- 
protein nitrogen after the introduction of urea into the bladder, with 
and without previous irritation of the bladder mucosa by surgical solu- 
tion of chlorinated soda. Two control experiments were carried out 
in which warm physiologic solution of sodium chloride was used in 
place of urea following irritation by the surgical solution. The pertinent 
experiments were those in which 10 per cent urea was placed in the 
bladder, and the experiment concerns these chiefly. One other experi- 
ment is reported to show that absorption readily takes place without 
previous irritation when a strong (50 per cent) solution is introduced. 
The specimens of heart blood were taken toward the end of each experi- 
ment to serve as a check on systemic absorption. Protocols of typical 
experiments follow : 
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tit^.T oi 1. m:a.— I’ liiy per cent urea w.is mtroduced into the 

M.-uklcr withnnt previous irritation of Ilic nntco.sa. The animal used was a female 
<at wnitlnn;; o Kt;.. wlmh was ancsilictim! uitli 21 cc. of i per cent amyta) 


Time 

Cnimnent Blood nonprolcin nitrogen, 

:()U 

Operation carried out 

.Mg. per 100 Cc. 

: ftS 

Initial specimen of blood taken 

57 

:07 

Urine withdrawn, 25 cc. 


: 10 

Urea introduced, 25 cc., 50 5o 


: 15 

Blood specimen 11 (cava) 

62 

:45 

Blood spceiincn III (c.ava) 

SO 

1 ; 15 ( 

BIoo<! siiedmen IV (cava) 

154 

( 

Blood specimen V (heart) 

100 

1 ; 45 ( 

Blood siiecimen \T (cava) 

128 

i 

Blood specimen VII (Iicarl) 

161 

The bladder 

was incised at the conclusion 

of the c.vporiment; it showed 


moderate injection. Xo lieinorriiagcs were in evidence. A marked rise in blood 
nonprolcin nitroj-cn wns seen. This concentration of urea doubtless invalidates 
normal uinction of the bladder. 


li.Ni’iaa.MKN'T I. — 'fell per cent urea was introduced into the bladder without 
jircvion.s irritation. Tiic animat used was a male cat weighing 3.8 Kg., which 
was ancstlietir.cd willi 20.5 cc. of 1 per cent amytal. 


Time Comment Blood nonprotein nitrogen, 

Mg. per 100 Cc. 


: 00 Operation carried out 
: 05 Initial specimen of blood taken 
: 09 Urine withdrawn, IS cc. 

: 10 Urea introduced, 25 cc., 10 % (slowly) 

: 15 Blood specimen II (cava) 

: 45 Blood specimen III (cava) 

1 : 15 ( Blood specimen IV (cava) 

( Blood specimen V (heart) 

1:45 ( Blood specimen VI (cava) 

I Blood specimen VII (heart) 

The incised bladder showed no apparent inflammation. 


42 


47 

45 

44 

43 

42 

43 



Experiment II. — Ten per cent urea was introduced into the bladder without 
previous irritation (as in the foregoing experiments). The animal used was 
a male cat weighing 3.4 Kg., which was anesthetized with 24 cc. of 1 per cent 


amytal. 


Time 
:00 
:05 
:07 
; 10 
: 15 
;45 
1: 15 

1:45 


! 


Comment 

Operation carried out 


Blood nonprotein nitrogen, 
Mg. per 100 Cc. 


Initial specimen of blood taken 34 


Urine withdrawn, 49 cc. 

Urea introduced, 35 cc., 10 % 


Blood specimen II (cava) 33 

Blood specimen III (cava) 36 

Blood specimen IV (cava) 35 

Blood specimen V (heart) 38 


Blood specimen VI (cava) 35 

Blood specimen VII (heart) 39 


The incised bladder showed no apparent inflammation. 


The two foregoing experiments are taken to show that absorption 
of urea could not be detected by our method when the 10 per cent 
solution was introduced into the bladder without previous irritation. 


Experiment III. — Ten per cent urea was introduced into the bladder following 
irritation for five minutes with surgical solution of chlorinated soda. The animal 
used was a female cat weigliing 3.1 Kg., which was anesthetized with 22 cc. of 1 
per cent amytal. 


Time 
:00 
:03 
;09 
; 10 

: 15 

-.17 
;22 
: 52 
1;22 

1:52 


Comment nonprotein nitrogen, 

Operation carried out 

Initial specimen of blood taken 35 

Urine withdrawn, 75 cc. 

Surgical solution of chlorinated soda 
introduced, 30 cc. 

Surgical solution of chlorinated soda 
withdrawn 

Urea introduced, 30 cc., 10 % 


Blood specimen II (cava) Lost 

Blood specimen III (cava) 59 

Blood specimen IV (cava) 64 

Blood specimen V (heart) 55 

Blood specimen VI (cava) 60 

Blood specimen VII (heart) 53 


The incised bladder showed marked injection of the mucosa. 



Chart 2.— Curves obtained in experiments III and IV in which 10 per cent 
urea was introduced into the bladder following irritation of the mucosa with 
surgical solution of chlorinated soda. 
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irril'i'ti '■ i ■“ info (!ic bhddcr following 

.n t ' T T."' soda. The animal 

n>rr^cntv”yrd "'" <i»C5theJl.cd will, 30 cc. of 


Time 

Ctiinmeni I’dood iioriprotcin nitrogen, 

:f,;t 

•Mg. 

per iOO Cc. 

thifiation earned out 

: ((•{ 

initial siiccimcn of blood t.ikcii 

47 

: 10 

L'ritie withdrawn, 23 cc. 


: 11 

Surgical solution of chlorinalcd soda 
introduced, 25 cc. 


: 15 

Surgical solution of chlorinated soda 
witlidrawn 


: IS 

Urea introduced, 25 cc., 10 % 


:23 

niood s()ccinK'n 11 (cairn) 

52 

: 55 

niood specimen III (cava) 

84 

1:25 j 

r.Iood specimen IV’ (cava) 

77 

( 

niood specimen V (heart) 

74 

1 : 53 j 

Pdood sj)ccinicn V’l (cava) 

89 

( 

Wood specimen VH (heart) 

84 

The incised 

l)la<tdcr sliowed moderate injection of the mucosa. 


The last two experiments, flanked bj' controls, are considered the 
significant experiments in this scries. Two control experiments, in addi- 
tion to I and II, were made as follows; 

Exi’EniMENT V. — Tiic anesthetic, operative procedure and irritation by surgical 
solution of chlorinated soda were carried out as in the preceding experiments. 
Warm physiologic solution of sodium chloride was used instead of urea. The 
animal used was n male cat weighing 3 Kg., which rvas anesthetized with 21 cc. 


of 1 per cent 

amytal. 


Time 

Comment Blood nonprotein nitrogen. 


Mg. 

per 100 Cc. 

:00 

Operation carried out 


.•14 

Initial specimen of blood taken 

48 

: 15 

Urine withdrawn, 10 cc. 


:16 

Surgical solution of chlorinated soda 



introduced, 10 cc. 


:21 

Surgical solution of chlorinated soda 



withdrawn 


:23 

Saline introduced, 10 cc., warm 


-.28 

Blood specimen II (cava) 

47 

:58 

Blood specimen III (cava) 

35 

1 ; 28 ( 

Blood specimen IV (cava) 

44 

1 

Blood specimen V (heart) 

4S 

1: 58 f 

Blood specimen VI (cava) 

42 

1 

Blood specimen VII (heart) 

43 

The incised 

bladder showed slightly reddened and 

inflamed mucosa. 


hemorrhage was in evidence. 
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Chart 3. — Curves obtained in control experiments V and VI in which irritation 
was produced by surgical solution of chlorinated soda and physiologic solution of 
sodium chloride replaced the urea. 

Espebiment VI. — ^The procedure was the same as in experiment V. The 
animal used was a female cat weighing 4.2 Kg., which was anesthetized with 
29 cc. of 1 per cent amytal. 

Time Comment Blood nonprotein nitrogen, 

Mg. per 100 Cc. 

: 00 Operation carried out 
: 17 Initial specimen of blood taken 44 

: 18 Urine withdrawn, 5 cc. 

: 20 Surgical solution of chlorinated soda 
introduced, 15 cc. 

:2S Surgical solution of chlorinated soda 
withdrawn 

: 26 Saline introduced, IS cc. 

31 Blood specimen II (cava) 39 

1 ; 01 Blood specimen III (cava) 44 

1 ; 31 ) Blood specimen IV (cava) 46 

{ Blood specimen V (heart) 52 

2 : 01 ( Blood specimen VI (cava) 47 

V’ • n ^ Blood specimen VII (heart) 46 

hio uinammation of the incised bladder was evident. 

COMMEXT 

it will be noticed that the second specimen of blood is taken five 
minntcs after the significant maneuver in each case, and that the third, 
fourth and sixth follow at thirty minute intervals. 

.-\ddiiional experiments, patterned after the experiment reported, 
seemed, likewise, to show that this very strong solution of urea (5(3 
per cent) so altered the bladder wall that absorption took place readily. 


ARcuniis nr sin^aiiRV 


Hti iIk’ otlicr liaiicl. 10 per cent urea does not produce these changes to 
any sucli eNlent, and in this concentration the substance is not absorbed 
in •luantitie.'' recognizable by our method. Following the inflammatory 
change.< produced by surgical solution of chlorinated soda, however, 
there is a consideralde rise (an average of 65 per cent in the two 
e.vperiments). 

'I'he situation seems in some respects analogous to that encountered 
in the case of onr ])aticnt, and we wonder whether absorption from an 
inflamed, imjierfecily drained bladder may not have played an etiologic 
role in the deveIo]Mncnt of his uremia. 

COXCI.USIONS 

1. 'I'lie inflamed bladder muco.sa transmits urea in quantities sufficient 
to raise the nonprotein nitrogen of the blood appreciabl 3 % 

2. This mechanism may play an etiologic role in the development 
of uremia by patients having neurological ly incapacitated bladders. 

Dr. Tr.acy Putnam provided laboratory facilities and Afiss Maiy Dailey carried 
out the clicniical analyses. 



TREATMENT OF INFECTED WOUNDS OF THE BRAIN 
WITH BACTERIAL FILTRATES 

J. R. B. BRANCH, M.D. 

A. A. LEMPERT 

AND 

R. S. LYMAN, M.D. 

SHANGHAI, CHINA 

A number of soldiers were brought to the Chinese Red Cross 
General Hospital with wounds of the head sustained in the recent Sino- 
Japanese hostilities at Shanghai. All these wounds were infected. Dur- 
ing the first few weeks of this period the outcome in each case seemed 
to be determined by the course of the infection. The wounds were 
treated in a routine manner by irrigation and dressings with surgical 
solution of chlorinated soda. . During the last few weeks bacterial 
filtrates were used instead of the solution as a further means of con- 
trolling the infection. Eight of the last ten patients admitted with 
open infected wounds of the head involving the brain received treatment 
with filtrates. We herewith report the results of this treatment. 

PROCEDURE 

Smears and cultures were made from the wounds as soon as possible after the 
admission of the patients to the neurosurgical division. The surgical condition 
was then inspected, and the need of operation was decided on, with the help of a 
roentgenogram. If no operation seemed necessary, the use of surgical solution of 
chlorinated soda was discontinued and dressings soaked with polyvalent strepto- 
coccus-staphylococcus filtrate were applied. For the first day or so these dressings 
were changed several times ; they were changed less frequently as time went on. If 
necessary, irrigation was carried out with a sterile physiologic solution of sodium 
chloride at the time when the dressings were being changed. In cases in which 
an operation seemed desirable, usually for the removal of fragments of bone or to 
provide adequate exposure of an infected area, surgical measures were carried 
out first ; the wounds were dressed and drained with gauze moistened ivith bacterial 
filtrate; further applications of filtrate were made just as in the cases in which 
no operation was performed. 

The bouillon filtrate was prepared for all cases in the following way: The 
respective strains of the organisms were allowed to incubate for two weeks and 
were then filtered through a Berkefcld filter. This was repeated by a second 
inocukation for the same period of time and a second filtration. A third inoculation 
of the filtered broth and incubation for seven days followed. All the strains were 
cultured separately in the course of the preparation of the bouillon filtrate. At 
tbc beginning of the work there were thirty-seven strains of staphylococci and 

From the College of Medicine, National Central University, and the Medical 
.Nnaly.'i*. Laboratories. Shanghai, Quna. 
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f u teen strains of streptococci, including Streptococcus viridans and Streptococcus 

n If ^ prepared stock filtrate were added strains of strep- 

tococci obtained from the infected wounds of the patients under treatment. 


RESULTS 

Case 1.— The patient sustained lacerations of the head when a bomb burst 
tirough the wall as he lay in bed. He remained unconscious for about two 
hours. A friend covered the bleeding wounds with dirty clothes. The next 
day the patient was taken to a hospital. He had a badly infected wound, which 
exposed the right parietal region of the brain through an opening 4 by 1.5 cm., and 
several infected lacerations of the scalp and face. For several davs he was 
weak and unresponsive and had a high fever. There was an er 3 'thematous rash on 
the face. He was transferred to the Chinese Red Cross General Hospital on March 
10. There was intermittent fever as high as 39.2 C. (102.7 F.) for about a week 
after admission. All the wounds were covered uniform!}' with a greenish- 3 ’cl!ow 
exudate containing large numbers of gram-positive streptococci and diplococci. A 
culture taken on March 11 showed: Streptococcus haemol 3 ’ticus. Streptococcus 
nonhaemolyticus (preponderance of growth), Staphylococcus aureus and Staphy- 
lococcus albus. The first treatment consisted of irrigation and dressings with 
surgical solution of chlorinated soda. There was no noticeable change in the 
appearance of the wounds, although as time went on the patient became responsive 
and cooperative and the fever disappeared. Bacterial filtrate was applied on the 
dressings used for the parietal wound as follows : On March 16 the filtrate was 
applied four times ; at the end of the day the lower edge of the wound was pink ; 
the rest was coated with purulent exudate. On Itfarch 17 the filtrate was applied 
three times; a band of pink granulation was .seen at the lower part and along tiic 
upper edge of the wound. On March IS the filtrate was applied once. Beginning 
on March 19, the filtrate was applied twice a day. The wound appeared clean 
except for a slender tongue of exudate. The parietal tvotind gradually became 
clean, and before the patient’s discharge from the hospital it was completely 
covered by a growth from the surrounding scalp. 

The smaller lacerations of the scalp were treated with irrigation and dressings 
with surgical solution of chlorinated soda until March 21. Although there was 
distinctly less purulent exudate from the wounds at the end of that time, they were 
still infected, and on Illarch 21 treatment with tlic filtrate was applied for nine 
days, the dressings being changed only' once a day. A burrowing gash on the riglit 
cheek failed to improve under dressings cither of surgical solution of cblnrin.iterl 
soda or of filtrate, and on March 28 the wound was opened widely and wa<; drcfod 
with filtrate-soaked gauze. All the wounds of the head and face appeared chan by 
Jfarch 30 and proceeded to dose in due time without further incident. 

Sunintary. — A heavily infected parietal wound on the right sule, wh/ch 
the surface' of the brain, showed little or no improvement under irrigation aid 
dressings with surgical solution of chlorinated soda during tiro uc'd: 

The first definite improvement appeared on tlie ,*^econd d.iy, and tl;-: 
improvement on tiic fourth day, of treatment with filtrate. Improvri ^ ^ ^ 
gradually until complete healing was ciTected. In the mcantirn- ' 

lions of the scalp became clean under a combination of trerun;-:-. . n-' 
solution of chlorin-itcd soda and filtrate, hut an iniecied burro.. < t; - 
resisted both ts-pcs of therapy until it was widely .--md ‘-irgi a . i. 
promptly witii the applic.ation of filtrate dressings. 


IrcaUn-'T'l 
v.as nnr.’.s-; 

rr::dr-;-'d 
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Case 2. — A tangcnlial paricto-occipilal wound on tlie left side was sustained 
early in February (the exact date is not known), which exposed the brain through 
an elliptic opening with a horizontal axis of 6 cm. and a vertical one of 3 cm. 
Initial unconsciousness, delirium and protracted delirioid behavior followed. Treat- 
ment was applied in the routine manner with irrigation and dressings with surgical 
solution of chlorinated soda, from the time of admission, on February 13, until 
March 11. In spite of this long period of treatment, the wound remained uniformly 
covered with a thick, dirty, grayish-yellow exudate. On March 9 a smear showed 
gram-positive and gram-negative diplococci and streptococci, gram-negative 
bacilli, polymorphonuclear cells and debris. A culture taken on the same date 
showed Staph, albus. Staph, citreus, and S. pyogenes, type 1. Dressings soaked 
in bacterial filtrate were then applied as follows: On March 11 a single application 
of filtrate was made late in the afternoon. On March 12 the filtrate was applied 
three times. On March 13 the filtrate was again applied three times ; there was a 
slight subjective improvement. On Aiarch 14 the filtrate was applied twice; the 
upper part of the wound was free from exudate. On March 15 the filtrate was 
applied once, and, beginning on March 16, it was applied twice a day. On 
March 19 the exudate was limited to the lower edge of the wound and to a tongue 
that extended into the upper half. On March 22 the wound was almost entirely 
clean. A culture showed Bacillus cutis-communis and Bacillus pyocyaneus. A 
culture on March 24 showed Staph, albus, B. cutis-communis and B. pyocyaneus. 
The dressings with the bacterial filtrate were then discontinued, and dressings with 
surgical solution of chlorinated soda were resumed. In the course of a few days 
the wound began to be superficially clean for the first time, but evidence of a 
slight underlying residual infection remained, because the patient continued to 
have delirioid behavior. Soon afterward a transient phlebitis or lymphangitis of 
the neck developed. In spite of an apparently clean surface the wound failed to 
close during the rest of the patient’s stay in the hospital. He was transferred 
elsewhere for further treatment. 


Summary . — A badly infected tangential parieto-occipital wound on the left side, 
which exposed the surface of the brain, remained heavily coated with purulent 
exudate for a month under treatment with daily irrigation and dressings with 
surgical solution of chlorinated soda. On the third day of intensive treatment with 
rate there was a distinct improvement, which slowly continued until, on the 
e eventh day of therapy, the surface of the wound appeared clean. But the 
urther course of the case indicated the existence of a residual underlying infection 
uot completely cleared up while the patient remained in our care. 


Case 3. — On February S a tangential through-and-through bullet wound at 
vertex of the skull drove fragments of bone into the underlying brain, for the 
fon^*^ to the left side of the midline. Paralysis of all four extremities 

wo^'h*^*^' condition improved rapidly. A purulent discharge from the 

sur^" 'decreased but did not disappear under treatment with irrigation with 
of chlorinated soda. Paralysis of the right arm and leg and 

® ^^t foot remained stationary after the end of February. Surgical treatment 
until malaria was brought under control by quinine. An operation 
of f evacuated a small amount of purulent material and led to the removal 

showed fragments of bone embedded in the brain. A culture on March 16 

B u ri uureus (abundant growth), a gram-positive streptobacillus and 

Us folio few). Dressings soaked with filtrate were then applied 

Was an'l’^ H April 1 the filtrate was applied four times. On April 2 the filtrate 
P >e three times ; there was a slight immediate improvement in the motility 
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0 t!ic legs but sensory changes were more extensive and severe than before the 
opera ion. On April 2 and 4 the filtrate was applied twice. On April 5 the filtrate 
ressmgs were discontinued. The wound appeared dean. Dressings with surgical 
solution of chlorinated soda were then instituted and were continued until the 
wound c osed without incident. Sensory disorders decreased rapidly until the 
middle of April, when they and the motor paresis proceeded pari passu to a slow 
but definite improvement up to the time of the patient's transfer elsewhere. 

Jiimmmry.— Small bony fragments were driven into the brain by a tangential 
through-and-through bullet wound at the extreme vertex of the skull. There 
was an initial clinical improvement as the purulent exudate from the wounds 
decreased ivith irrigation with surgical solution of chlorinated soda. The course 
was then stationary until operative exposure and removal of the embedded bony 
fragments. Postoperative dressings with bacterial filtrate were applied for four 
da)'s,^ after which time the wound appeared clean ; dressings treated with the 
solution of chlorinated soda were then applied, and healing continued to closure 
without incident. 


Case 4. — The patient had received a penetrating wound in the right parietal 
region, caused by a bullet which was said to have been fired from a Japanese 
airplane. He had been admitted to a hospital elsewhere. The wound had 
closed promptly at the surface, but motor and sensory symptoms in the left arm and 
leg had increased. He was transferred to the Chinese Red Cross General Hospital 
on March 7. An operation performed on March 22 revealed an abscess of the 
brain, from which about 5 cc. of thick pus was evacuated. A culture of this 
material showed hemolytic and nonhemolytic streptococci. A cigaret drain 
soaked in bacterial filtrate was inserted, and the wound was closed around it. 
Dressings wet with filtrate were then applied as follows ; On March 22 a cigaret 
drain and dressings soaked with filtrate were applied at the time of the operation. 
On March 23 the filtrate was applied three times. A drain moistened with filtrate 
was applied and was left in place. There was considerable pus. On March 24 
the filtrate was applied twice; there was still considerable pus. From March 25 
until April 5 the filtrate was applied once a day. On March 26 there was dis- 
tinctly less pus on the dressings. By April 6 the purulent e.xudate had almost com- 
pletely disappeared, and dressings with surgical solution of chlorinated soda ivcre 
resumed. The first spontaneous movements of the left arm occurred on April^ 13. 
Improvement continued slowly, with complete closure of the wound, and the patient 
was eventually transferred elsewhere. 

Summary. — A parietal bullet wound on the right side led to an abscess of the 
brain. After surgical e.xposure and drainage, the wound healed without incident 
under treatment with drains and dressings moistened with filtrate. 


Case S. — A through-and-through bullet wound sustained on February 21 e t 
one opening in the right parietal region and another in the left occipital region. 
There was a slight purulent discharge from both wounds, intermittent 
about a week and delirioid behavior for a few weeks after admission. Bo i 
wounds were enlarged to allow better drainage and were then treated with dm > 
irrigation and dressings with surgical solution of chlorinated soda, n spi ^ ® 
treatment the purulent discharge increased in amount from both wounc s, par i i 
from that in the parietal region, where the patient complame o m - . 

severe p.ie. A culture t.Ucu or. March 9 shorvrf S.eph, c.trces a.d -Arp.,, 
epidcrnridis-elbus. Both rvoonds were esoin 
Itfarch 12. and dressings wet with filtrate were applied as 
wound: On March 12 the filtrate was applied once, at the time oi th. , - • 
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On March 13 and 14 it was applied three times. From March IS to March 21 
it was applied twice a da)c The patient suffered less pain. On March 16 there 
was an increase of purulent exudate. Beginning on March 21, the filtrate was 
applied once a day. On March 23 the patient experienced dizziness, choked disks, 
slight ataxia on the left side and paresis of the left arm. On March 24 an opera- 
tion revealed a deep abscess in the right parietal region, from which 3 to 4 cc. of 
thick pus was obtained and four or five fragments of loose bone were removed. A 
culture taken on March 24 showed nonhemolytic streptococci. Staph, epidermidis- 
albus and B. pyocyaneus. A cigaret drain was inserted, wet with filtrate, and the . 
wound was covered with gauze moistened with the filtrate. After the operation 
the parietal wound was treated daily with filtrate dressings as before. For a while 
the weakness and incoordination on the left side were worse than before, but pain 
decreased, and the choked disks promptly improved. The wound soon became 
clean and healed slowly without further incident. 

Until the first of April the surface of the occipital wound had appeared relatively 
clean and was treated with daily dressings with surgical solution of chlorinated 
soda. But beginning on April 1 an increasing amount of purulent discharge came 
from it each day. On April 14 a wide incision was made in the occipital part of 
the scalp; about 15 cc. of pus was evacuated from the scalp and about 2 cc. was 
evacuated from a small underlying abscess of the brain. Bacterial filtrate was 
then applied for the first time by means of the dressings used for the occipital 
wound, according to the following schedule: On April 14 the filtrate was applied 
four times; on April IS it was applied three times; beginning on April 16, it was 
applied twice a day. On April 16 herniation of the brain began to develop through 
the occipital bony opening. For the next ten days, the condition remained 
unchanged. The herniating mass was surrounded by pus which exuded from 
under the edges of the bone. Dressings with surgical solution of chlorinated soda 
were resumed in place of those with the filtrate. On April 27 the herniating mass 
was cut away and the base of the wound was sealed by the use of high frequency 
current. Another herniating mass developed, but the wound remained cleaner on 
the surface than before. On May 21 the mass was treated with. 156 mg.-hrs. of 
radium ; the hernia receded at once, leaving a clean granulating wound by the 
end of May. 

Summary . — A through-and-through bullet wound became infected at the points 
of entrance and exit, in the right parietal and left occipital regions. Superficial 
exposure of the wounds, followed by irrigations and dressings with surgical solu- 
tion of chlorinated soda, failed to cure the infection within three weeks. Further 
superficial exposure and treatment of the parietal wound with filtrate for eleven 
days failed to bring improvement. An operation revealed a deep abscess of the 
brain in the right parietal region. After evacuation of the abscess and drainage 
and dressings with the filtrate, the wound proceeded to heal without further 
incident. Then purulent exudate increased in the occipital wound. An operation 
evacuated considerable pus from the scalp and revealed a small abscess of the 
brain. .A. hernia of the brain immediately appeared, with pus exuding in small 
amounts from under the bone. Xcithcr treatment with filtrate nor irrigation with 
>urgical solution of chlorinated soda brought immediate improvement. Three weeks 
after the appearance of the hernia the occipital wound also appeared clean and 
the hcrni.a receded, 

wound of the leu frontal region, exposing the brain, had become 
mtected. Removal of fragments of bone, drainage and irrigation and dressings 
unh surgiad solution of chlorinated soda and with saline solution had been 
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c-iiricd out cIscu’Jicre. The patient was transferred to the Chinese Red Cross 

throiidi 111 ^ 00 '' protruding slightly 

Icci jlrn T ' " ^ gram-positive slrep- 

; f ^ r" ^he patient was 

.tjjorou., fchnleand toxic; fiicre were harsh bronchovesicular breath sounds and 
aclnpnen. Dressings soaked with filtrate were applied as follows: On March 18 
the filtrate was applied once, in the evening. On March 19 the filtrate was 
applied three times. A lumbar puncture revealed 2,650 cells; reducing substances, 
2 .d, and chlorides, 676. The spinal fluid gave a positive reaction for globulin; the 
U assermann reaction was negative. A culture showed no growth. On March 20 
and 21 filtrate was applied twice a day, and, beginning on March 22, it was 
applied once a day. Soon after admission the patient grew profoundly stuporous 
and definite signs of meningitis developed. Repeated lumbar punctures yielded 
results similar to the first, A positive culture of Str. haemolyticus was later 
obtained from the spinal fluid, hut a blood culture showed no growth. The patient 
died on Marcli 28. 


Sunnitary. — An infected frontal wound on the left side, e.xposing the brain, 
showed no improvement following the application of filtrate in a patient Avith 
toxemia from a disseminated infection. Death occurred eight days after admission. 

Case 7. — A tangential wound at the extreme vertex of the skull drove frag- 
ments of bone into the brain. The patient had had first aid treatment and dressings 
before he was transferred to the Cliinese Red Cross General Hospital on March 16. 
On admission he rvas quiet, and the wound allowed good contact, but a large 
infected fungating mass protruded from the opening in the slcull. Cultures taken 
on March 18 and 19 showed Staph, aureus and Micrococcus gingivalis; a few 
colonies of nonhemolytic streptococci were recovered on the following day. The 
initial dressings with surgical solution of chlorinated soda were changed for sur- 
face dressings with filtrate, but after a few days it was obvious that the filtrate 
did not reach the underlying scat of the infection. On March 2J the herniating 
mass Avas destroyed by fulguration and filtrate dressings were continued. Another 
mass Avith its attendant purulent coating pushed out through the bony opening. 
Dressings with the filtrate were discontinued after a feAV more days, and irrigation 
and dressings Avith surgical solution of chlorinated soda Avere instituted. Various 
measures, surgical and physiologic, were applied through dehydration, but the 
fungating mass continued to develop. The patient grerv stuporous and died on 
April 8. Autopsy showed bony fragments embedded deep in the upper left parietal 
region and a wide zone containing inflammatory and hemorrhagic plaques m the 
upper half of both hemispheres, particularly on the left side and around the le t 


lateral ventricle. 

Snmmary.~A tangential Avound at the vertex of the skull drove fragnwnts 0 
bone into the brain. The patient was transferred to the Chinese Red Cross genera 
Hospital with an infected hernia of the brain. There was no improvcmen under 

superficial treatment Avith filtrate. The 2' 

Autopsy shoAved Avidespread inflammation in the brain around the Avoun 

left lateral ventricle. . r ,(,» 

Case 8.— The patient sustained a through-and-through bullet Avound ro 
left temporal to the left frontal region, fust above the orbit 
At operation, on April 12, an apparently clean field Avas opened vt j 
attendant bleeding. The track of the bullet Avas exposed ^ ^ ty 

size of a pea, was the meningeal covering of the frontal pole to 
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the bullet. A few bony fragments outside the meninges were removed. A culture 
taken from the field at the time of operation showed no growth. Treatment by 
packing with gauze to control bleeding and by applying dressings soaked with 
filtrate was instituted. Postoperative dressings with filtrate were applied four 
times on April 13, three times on April 14 and twice a day from April IS to 
May 3. On April 16 there was a seropurulent discharge from the frontal wound. 
On April 19 sanguinopurulent material gushed from the temporal wound when 
the packing was removed. On April 21 there was a thick purulent discharge from 
both wounds and frontal irrigation came from the nose. At this time a culture 
showed a heavy growth of Str. haemolyticus and Staph, aureus. On May 3 a 
second operation was performed ; the field was reexposed and better drainage was 
provided. The wound closed without further incident under treatment with daily 
dressings with surgical solution of chlorinated soda. 

Summary . — Four days after a through-and-through bullet wound extending 
from the left temporal to the left frontal region was sustained, an operation 
exposed the track of the bullet. Treatment with prophylactic drains and dressings 
soaked in filtrate was followed by the appearance of a heavy infection, which did 
not clear up until a second operation gave still wider exposure and treatment with 
dressings with surgical solution of chlorinated soda was instituted. 

COMMENT 

The cases reported here are too few to warrant a final decision as 
to the value of bacterial filtrates in the treatment of infected wounds 
of the brain. Yet from these few observations some points stand out 
as leads for further investigation. 

In the first place, the frequent application of bacterial filtrates to 
fully exposed wounds of the brain or to meninges with surface infection 
may prove to be very effective. In the series presented, only the first 
two cases fall in this category. The improvement in the appearance 
of the wounds, which were both infected predominantly with hemolj'tic 
streptococci, was striking after treatment -with filtrates began to be 
intensively applied. Emphasis is laid on three points which appear to 
be requisite for success with this type of treatment: 1. Exposure must 
be complete so that the whole infected surface is brought in contact 
with the dressings. 2. The dressings should be moistened with the 
filtrate at frequent intervals. 3. The infection must be focal and 
limited to the surface of the wound. The first case reported gives an 
illustration of the necessity of observing these points. The parietal 
wound which exposed the brain was heavily infected but was wide open, 
and the infection was superficial. This was the first wound to become 
clean under treatment with filtrates. The superficial lacerations of the 
scalp, to which filtrates were applied later and less often, cleared up 
next. But the burrowing gash on the face resisted applications of both 
surgical solution of chlorinated soda and filtrate until it was opened 
widely with the knife and dressed with gauze soaked in filtrate. In 
the second case there was a widely exposed wound in which the infee- 
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tion seemed to be limited to the surface. With intensive use of filtrates 
the change in tlie appearance of the Avound was quite as definite as in the 
fiist case, for the superficial infection cleared up rapidly under this 
lieatnient, but the final result was not so good, a fact which is attributed 
to the likelihood of a slight but persistent infectious process in the 
underlying tissues. 

A second feature in this series of observations is the length of time 
before results became apparent. In several of these cases treatment 
with bouillon filtrate Avas continued for from one to three weeks. In 
only two cases can an}* success be claimed with this treatment (cases 1 
and 2). In both these cases treatment with prolonged irrigation and 
dressings with surgical solution of chlorinated soda led to little or no 
change, but within four days after intensive use of filtrates was begun 
a pronounced improvement took place. The suggestion is accordingly 
made that bacterial filtrates are indicated in all cases of open rvounds 
exposing the meninges or brain which appear superficially infected with 
streptococci or staph 3 dococci, and that improvement in the appearance 
of the wound will be definite within four days, if at all. If no improve- 
ment has taken place after four days of intensive trial of the treat- 
ment with filtrates one must consider the likelihood of an extension of 
the infection beyond the surface of the wound, e. g., focal or diffuse 
encephalitis, abscess of the brain, ventriculitis, meningitis or a pus pocket 
under the scalp. As examples, in case 5 of this report there were 
abscesses of the brain; in case 6, encephalitis and meningitis, and in 
case 7, encephalitis and ventriculitis. 

In two cases in this series (3 and 4), a recognized abscess or focal 
encephalitis developed at the site of the wound before treatment with 
filtrates was considered. The areas were opened at operation, and 
drains, packing and dressings were applied as usual, except that they . 
were moistened with filtrate instead of with surgical solution of chlori- 
nated soda or some other bactericidal solution. Also, with the parietal 
abscess in case 5, postoperative dressings were wet with filtrate. In all 
three cases the healing of the wounds took place satisfactorily, h® 
statement can be made from these cases alone, however, as to t e 
relative merits of using filtrates or other applications on drains or 
dressings after operation for the abscesses of the brain. For in 
to effectiveness and to the rate of closure of infected rvounds yin& 
deeper in the brain tissue we could see no difference ^ 

results obtained with surgical solution of chlorinated soda and thos 
obtained with Bezredka’s filtrates on the postoperative dressings, ^ 
we are inclined to lay aside, at least for the time being, 
bacterial filtrates in the treatment of abscesses of the brain. 
no special advantage in their use in such cases, and there are_ is 
theoretical difficulties in establishing contact bebveen the whole in 
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area and the drains, as well as in inainlainini^ snfTicicnl concentration of 
the filtrate to be effective inside the abscesses. 

Finally, the action of the filtrates could be that of a bacterioiihage. 
The therapy was successful only on production of conditions which were 
favorable to that action : infection with the streptococcus and stapliylo- 
coccus already present, polyvalent strcplococcus-slaphylococcus filtrate, 
an open wound to provide good contact and frequent moistening of 
the dressings to give the necessary concentration of filtrate. The 
other objective which was suggested during the work with the filtrates 
was the establishing of local immunity in the tissues surrounding the 
infection. But so far we have no clinical proof that such an action 
is possible in the brain and meninges, and there is some evidence against 
it. The patient in case 8 came to us soon after his injury. The track 
of the bullet appeared to be clean at the time of the first operation, 
and a culture showed no growth. But the application of bacterial 
filtrate for the sake of providing local immunity as a prophylactic 
measure against infection was soon followed by a severe infection with 
Str. haeinolyticus and Staph, aureus. Furthermore, unpublished experi- 
ments performed on rabbits, while not conclusive, gave no positive 
indication that local immunit}’ can be developed in brain tissue by 
saturating it with Bezredka’s streptococcus filtrates. 

Thus the clinical results obtained by us in treating infected wounds 
of the brain with bacterial filtrates, the proposed indications for its use 
and the theory of bacteriophage action all fall in line. Theoretically 
this therapy should work with rapidity when the proper filtrate is 
brought in good contact with bacterial growth in sufficient concentration 
to cause lysis of the organisms ; practically the results seem to become 
apparent within about four days or less in cases with surface infection 
of thoroughly exposed wounds when the dressings are repeatedly 
moistened with the proper filtrate. Failure to obtain improvement 
within four days may be taken as an indication of improper contact 
or of insufficient concentration, that is, of a poorly matched filtrate, 
inadequate exposure of the wound, a deep or disseminated infection 
or some other clinical complication. 

SUMMARY 

1. Two patients with severely infected wounds on the surface of 
the brain showed marked improvement within four days following 
frequent applications of a polywalent streptococcus-staphylococcus 
filtrate to the dressings. Prior to treatment with the filtrate they had 
shown no improvement with irrigation and dressings with surgical solu- 
tion of chlorinated soda. 
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2 . Tlirce patients with infected wounds of the brain showed no 
improvement after more than four da)'s’ trial of treatment with filtrates. 
These patients later proved to have a deep or disseminated infection of 
the central nervous system. 

3. It is suggested that the successful results were due to bacterio- 
phage action, wdiich requires good contact of the filtrate in sufficient 
concentration to cause lysis of the bacterial organisms. The treatment 
indicated is frequent moistening of the dressings with the proper 
filtrate. The clinical indications for this treatment are a wide exposure 
of the wound and a surface infection of the brain or meninges. Improve- 
ment should begin within four daj^s if this t 3 'pe of treatment is to be 
adequate. 



A REVIEW OF UROLOGIC SURGERY 


ALBERT J. SCHOLL, ILD. 

I.OS ANGELES 

E. STARR JUDD, I^I.D. 

ROCllESTEU, MIKN. 

LINWOOD D. KEYSER, M.D. 

ROANOKE, VA. 

JEAN VERBRUGGE, M.D. 

ANTWERl', BELGIUM 

ADOLPH A. KUTZMANN. M.D. 

LOS ANGELES 

ALEXANDER B. HEPLER, M.D. 

SEATTLE 

AND 

ROBERT GUTIERREZ, M.D. 

NEW YORK 

(Concluded from page 1166, December, 1933) 

URETER 

Trans plantation. —Ormond-^ reported that the rectum and lower 
part of the sigmoid flexure are the customary sites for ureteral trans- 
plants, and although the content of these segments constitutes a definite 
objection, and renal infections do occur, the functional results are 
reasonably good. Occasionally technical obstacles to the use of the 
sigmoid flexure or rectum are encountered, making it necessary to use 
a higher part of the bowel, and in a number of such instances the right 
ureter has been implanted into the cecum. 

A series of experiments on animals was carried out. The pro- 
cedure in all cases was the same : first, implantation of the right ureter 
into the cecum, following Coffey’s technic as nearly as possible ; second, 
about ten days later, removal of the left kidney. The animals all 
recovered rapidly from the first operation, and after the first day were 
as active as before. At first, after the second operation, there seemed 
to be no change, but gradually they became less active, and finally 
went into a semistuporous condition. At death, the value for non- 
protein nitrogen of the blood was much elevated. 

_ Ormond’s interpretation of these findings, taken in conjunction 
with other experimental work, is that urine, emptying into the cecum, 

28. Ormond, J. IC.: Some Experimental Work on the Site for Ureteral Trans- 
plant, J. Urol. 29:15 (Jan.) 1933. 
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is leabsorbcd, at least in great ])arl. and entering the blood stream is 
again i)assed through the kidneys, again excreted and reabsorbed, and 
so on. Consequent!}', the products that normally are removed by the 
kidneis accumulate in the blood until uremia and death occur. More- 
ovci, the kidneys themselves arc injured by the strain thrown on them 
by pei fusion with blood that is overlooked with urinary constituents. 
His conclusion is that transplantation of the right ureter into the cecum 
is at best a useless procedure, and may be harmful, as is suggested by 
the occasional presence of injury to the mucosa at the point of entrance 
of the ureter. 


Quenu and Fey stated that on two occasions they had cut a 
ureter accidentally, following rvhich they performed ureterocystoneos- 
tomy ; in both cases repair was made immediate]}', and the patients were 
cured without a fistula. The second case, controlled urologically two 
years later, presented certain points of considerable interest. In this 
case, the ureterocystoneostomy was performed only a few moments 
after the ureter had been cut, during an operation for removal of a 
large fibroma. The paramount consideration here was the conserva- 
tion of a sound kidney with normal secretion. Every ureterocystoneos- 
tomy which does not achieve this end should be regarded as a failure. 
For the success of such an operation it must be determined that the 
kidney conserved functions normally. Neither clinical nor cystoscopic 
proof alone is sufficient to show that this object has been attained, for 
clinical healing may coincide with the death of a kidney. A number 
of experiments, operative findings and postmortem examinations have 
shown that a ureter may contract and even become obliterated, and a 
kidney may undergo dilatation and atrophy, without any symptoms. 
For this reason, 30 or more cases reported in the literature are useless 
scientifically, since they bring no other proof of cure. Only 1 of the 
50 cases reported can meet the criterion of functional examination after 
bilateral catheterization, which makes it possible to judge of renal 
function by the quantity and quality of the urine secreted in a given 
time. This may be due in part to the site of the neostomy, the surgeon 
having, for his own convenience, made an implantation into the dome 
of the bladder too high to permit catheterization. 

Although the authors’ case has not yet stood the test of time, they 
regard the result obtained as astonishingly good, because, first, the 
patient feels well ; second, the orifice of the neostomy, permeable to the 
catheter, is neither obliterated nor contracted; third, vesicorenal reflu.x is 
prevented ; fourth, neither the ureter nor the pelvis is dilated ; fifth, the 

29. Quenu, Jean, and Fey, Bernard; Resultat eloigne d’une uretero-osto 
neostomie. Bull, et mem. Soc. nat. de chir. 58:1377 (Nov. 16) 193_. 
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urine collected in the pelvis is uninfected, mid sixth, the kiclncy sccictcs 
a normal quantity of urine containing urea and sodium chloride in a 
concentration greater than on the opposite side. In addition to the usual 
functional tests, they also have examined the patient cytobiologically 
and cystographically, and by intravenous pyelography. Absence of 
reflux, of reno-uretcral dilatation and of infection suggests a good 
prognosis. 

Without being fully able to account for their good result, the authors 
ventured to state that the following procedures may have played a 
part: first, the immediate implantation of a freshly cut ureter in a case 
in which the kidney was neither dilated nor infected; second, selection 
of the site of implantation as near as possible to the normal ureteral 
orifice ; third, the use of the Payne procedure of implantation, with two 
sutures at a distance from the orifice, and fourth, decision not to intro- 
duce a catheter either during or after operation, 

[Compilers’ Note. — The problem of reimplantation of the ureter 
into the bladder after any surgical injury during operation has attracted 
considerable attention for many years, but in reality the value of this 
procedure has never been actually tested until cystography and, more 
properly, intravenous urography came into use, by which the condition 
of the kidney could be tested functionally. It has been the general 
belief that the kidney ultimately was destroyed by the vesico- 
ureterorenal reflux which, in turn, was caused by lack of sphincteric 
action at the newly formed ureteral orifice; also, by the tension of the 
ureter which distorted the bladder and interfered with the dynamic 
contractions of the ureter and the emptying time of the renal pelvis. 
However, Quenu and Fey apparently have satisfied the requirements, 
although sufficient time has not as yet elapsed to prove the final out- 
come, for not infrequently urinary infection, pyelonephritis, hydro- 
ureter and hydronephrosis ultimately develop, and these may eventually 
call for ureteronephrectomy.] 

Beer,®® in a recent communication read before the New York 
Academy of Medicine, reviewed his results in a group of 41 cases in 
which ureterocystoneostomy had been performed, as determined by 
intravenous urography, although in many of the cases cystography 
revealed the presence of vesicorenal reflux, and in some of them cathe- 
terization of the ureters has never been possible. It can be concluded, 
therefore, that although ureterocystoneostomy should be performed in 
an attempt to save the kidney whenever the ureter has been injured, the 
patient should be informed of the possibilities of a surgical lesion 
developing at a future time. 

sJs S'-T {ApS) Ile-Implarnatlon in the Bladder, Am. J. 
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Ol)S/ntcf!0)i.~-OckQvhh(\ reported 27 cases of noncalculous, acute 
ureteral obstruction. The oldest patient u'as 68 3 'ears of age and the 
.youngest, 2 years. Fourteen patients Avcrc females and 13 were males. 
In all of them, pain \Yas the predominant symptom, varying slightly in 
degree. In each case there was an elevation of temperature, ranging 
from 100 to 105 h. In 19 there was a chill. In 22 of the cases nausea 
01 I'omiting. or both, occurred. In 4 cases the urine in the kidney was 
blood}' when w'ithdrawn by catheter. In every case the urine ivas under 
pressure. The amount w'ithdrawm varied from 20 to 500 cc. Invariably 
some pus w'as present in the urine from the obstructed kidney. In 
every case relief from pain was immediate on ureteral catheterization. 

The various etiologic factors presented an interesting study. In 11 
cases the cause of obstruction was unknown. Of the remaining 16 cases, 

1 W'as definitely an instance of the wandering kidney described by 
Dietl. In 1 case a congenitally solitary kidney was blocked by seminal 
vesiculitis. One patient was a pregnant woman, in the fifth month 
of gestation. In another case, that of an infant, the condition was the 
result of congenital stricture of the ureter. In I case both ureters were 
tied at operation. In 1 case an appendical abscess was present; an 
aberrant blood vessel to the lower pole interfered with the ureter in 1 
case; in 2 cases there were tuberculous strictures of the ureter; opera- 
tive scars closed the intramural portion of the ureter in 2 cases; in 
3 cases strictures closed the ureteral os, and large prostatic lobes grow- 
ing upward under the mucosa impinged on the ureter in 2 cases. It is 
interesting that there were 5 congenital anomalies. There were no 
deaths from the disease. The two outstanding points in the diagnosis 
are the pain and the finding of urine under pressure. 

Woytek stated that “pseudonephrolithiasis” is the term applied by 
Allemann to that condition in which the symptoms are caused by organic 
inflammatory kinks and strictures in the upper part of the ureter, 
causing disturbances in function. These cases simulate closely cases of 
true stone, since colic and microscopic hematuria are often present. 
The cause is usually an inflammatory process of the perirenal tissue or 
of the kidney itself. Movable kidneys are associated with only a small 
number of cases. Woytek has seen 60 such cases since 1924 and has 
divided them into 2 groups: first, the cases with sudden onset, and 
second, those with gradual onset. Cases of the first group simulate cases 
of colic caused by stone ; nearly always microscopic examination reveals 

blood in the urine along with the colic. 

The author expressed the belief that some physicians do no 
accurately study their cases and consequently report large numbers m 

31. Ockerblad, N. F. : Acute Ureteral Obstruction, J. Urol. 29:32 (Jan.) 1933. 

32. Woytek, G. : Ueber “Pseudonephrolithiasis,” Beitr. z. khn. Chir. 

1932. 
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which ureteral strictures were found. On the other hand, at the Mayo 
Clinic, where the cases are well studied, only 6 cases in which definite 
strictures were encountered were found in the course of 6,000 cysto- 
scopic examinations. In further studies made elsewhere (Braasch, 
Kenneth Frater) 2 cases of stricture were found in 93 cases. Schreiber 
found stricture in 13 per cent, whereas Campbell, in 13,000 postmortem 
examinations, observed stricture in only 1 per cent. 

Woytek suggested that infection carried from foci by the blood 
stream often causes ureteral stricture (tonsillitis, influenza, scarlet 
fever, diphtheria, puerperal sepsis, otitis media, infections of teeth, 
enteritis, salpingitis, prostatitis and seminal vesiculitis). The char- 
acteristic findings seem to be infiltration of the mucosa and musculature 
with round cells. 

Absolute proof of ureteral stricture or kinl< is best given by retro- 
grade ureteropyelograms. Intravenous urography can be of secondary 
help. 

Treatment is cliiefiy conservative. In cases in which there is 
irreparable injury to the ureters it may be necessary to perform 
nephrectomy. 

Granuloma. — Hamer, Mertz and Wishard stated that granulomas 
of the ureter do not give rise to pathognomonic symptoms. Hematuria, 
usually recurrent and gross, is the chief complaint. The passage of 
large clots may cause colicky pain. Positive physical findings depend 
on the presence of obstruction and on loss of blood and infection ; they 
are not pathognomonic. They stated that the gross appearance of a 
ureteral granuloma varies according to the extent of the lesion. There 
may be thickening of the ureteral wall, with increased vascularity and 
evidence of a periureteral inflammatory reaction. In the event of an 
extensive local lesion, a distinct tumor may be palpated in the ureter. 
On section, the ureteral mucosa is found paved with reddish-purplish 
granulation tissue which bleeds easily when traumatized. If there is 
sufficient proliferation, polypoid masses may be present. There may 
be single or multiple areas, which may become confluent and may 
involve a considerable extent of ureter. 

The authors expressed the belief that the most significant special 
urologic finding is in the pyelo-ureterogram, and indeed one cannot 
allow anything pathognomonic in its interpretation. The point of error 
lies in suspecting a true neoplasm. Obviously, the urographic findings 
must be protean, depending not only on the extent of surface involved, 
but also on the degree of proliferation and consequent type of filling 
defect observ'ed. .Single or multiple circumscribed filling defects, 

33. Hamer, H. G.; Mertz, H. O., and Wishard, W. N.. Jr.: Ureteral Granu- 
loma, J. Urol. 29:43 (Jan.) 1933. ureteral Uranu 
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logclhci with a possible ragged appearance of the ureteral edges, may 
suggest neoplasm, granuloma or possibly tuberculosis. 

Hamer, iMertz and Wisbard suggested that without any means of 
establishing a definite diagnosis, treatment is obviously going to tend 
toward open operation, unfortunate as this may be in the presence 
of granuloma. When one has reasonable doubt as to the presence of a 
neoplasm, one ma}’ resort to ureteral dilation and medication directed 
toward the clearing up of both local infection and distant foci, but 
one dare not persist too long, unless improvement appears, lest the 
opportune time for removal of a true neoplasm be lost. On the other 
hand, hemorrhage may be so severe as to endanger the patient’s life 
unless immediate operation is done. In conclusion, the authors stated 
that in view of the possibility of bilateral involvement, nephro- 
ureterectomy is warranted only in an emergenev. 

Nerve Supply . — Wharton stated that the ureter receives a nerve 
supply which is independent of the innervation of the kidney and 
bladder. The nerves go directly to the ureter from the lowest renal 
ganglion, at the upper end of the spermatic plexus and from the 
abominal sympathetic nen^es. Their dissection disclosed that there 
is a connection between the ureteral innervation and the plexuses that 
suppl)'' the ovary, testis and parietal peritoneum. 

Wharton said that from the physiologic point of view, his clinical 
observations would lead him to conclude that cutting these ureteral 
nerves, as in ureteral denervation, does not interfere with the motor 
function of the ureter and does not cause atony, hydro-ureter, stricture 
or any ureteral disturbance. On the basis of clinical observations, he 
is of the opinion that one of the functions of these ureteral nerves is 
the transmission of painful sensations. 

PROSTATE GLAND 

Prostatectomy. — Iltyes used a tampon for hemostasis in suprapubic 

prostatectomy. After the arterial bleeding has been controlled, the 
assistant inserts a finger into the rectum to hold up the prostatic cavity, 
following which the tampon is packed carefully and evenly throughout 
the entire cavit3^ The tampon is left in for five days, during whic 
the cavity is washed out alternately with ice cold water and with very 
warm water if bleeding occurs. Illyes has had practically no bleeding 
following this technic and is well satisfied with it. 

34. Wharton, L. R. : The Innervation of the Ureter, with Respect to Denerva 

tion, J. Urol. 28:639 (Dec.) 1932. ^ 

35. Illyes, G. V.: Ueber die Tamponade nach Prostatektomie, Ztschr. . aro 
Chir.’36:183, 1933. 
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fCoMrn.ERs’ Non;. — Packing of ihe prn.Matic cavity with gauze has 
been employed extensively at various times in this country. Many 
surgeons still do this, claiming good results, and ])refer it to the use of 
various types of hemostatic bag.s. 'Ihc llagner and Pilcher bags, and 
other modifications, are used in place of gauze in most clinics at the pres- 
ent time. They arc simpler to use aud efficient, cause little pain, and can 
be I'emovcd without causing secondary bleeding. Little is now written 
in this country concerning tampons and bags, for the descriptions of 
the newer operation of prostatic excision has practically displaced 
articles on prostatectomy.] 

Transurethral Resection . — Bumpus has reviewed 102 cases of 

urinar}^ obstruction due to benign enlargement of the prostate gland in 
which he performed t!ic transurethral operation, from 1925 to 1927. 
He chose this period for two reasons: first, because it gave a period of 
five years since the last operation, and second, because he had operated 
in more than 100 cases in the preceding years and felt that any failure 
that might be disclosed would not be ascribed to inexperience but to the 
procedure. In half of these cases Bumpus used the Caulk cautery 
punch, and in the other half, a modification of Braasch’s cystoscope. 
The amount of residual urine prior to operation in the 102 cases varied 
fi'Om none to a large quantity resulting from complete retention; in 
22 cases, the quantity was in excess of 200 cc. Fifty-seven patients 
were free from residual urine at the time of dismissal, and 15 others 
had less than 30 cc., making a total of 72 whose immediate post- 
operative result indicated success for the future. 

After a survey of the 102 cases, five or more years after operation, 
Bumpus reported that 8 of the patients were dead. During the five 
years following operation in this series, transurethral resection was per- 
formed in approximately 300 cases, and 4 deaths occurred; none of 
these deaths was directly or indirectly attributable to bleeding, but was 
the result of infection following failure to remove sufficient tissue and 
completely eliminate residual urine. More than 100 patients had been 
operated on successfully since the last death. Records to date were 
available of 66 of the 102 patients. Adenofibromatous tissue was 
removed from 24 of them, of whom 18, or three fourths, had written 
that they were satisfied with the final results. Of 6 dissatisfied patients, 
3 underwent prostatectomy, one a year later, another two years later 
and a third four years later. 

Bumpus stated that records are available to date on 42 of 67 cases 
in which transurethral resection was done for inflammatory changes 

36. Bumpus, H. C., Jr.: Results Five Years After Transurethral Treatment 
of Benign Prostatic Obstruction, J. Urol. 28:564 (Nov.) 1932. 



206 


ARCHIVES OF SURGERY 


patients have expressed satisfaction 
v\ ith the final results, whereas 12 are definitely disappointed. 

Bumpus stated that this study of 102 cases in which prostatic tissue 
was removed through the urethra more than five years before, because 
of urinar}'^ obstruction, would indicate that with the improvement in 
technic which has occurred in the last five years, transurethral resection 
should be performed with less risk, with less time spent in the hospital 
and consequently with less expenditure of funds, and that the final 
functional result would equal in permanence that usually obtained after 
prostatectomy. 

In a study of 250 cases in which transurethral resection was done in 
the last seven years, Bumpus found that in 204 cases (81.6 per cent) 

5 Gm. of tissue or less was removed. If it is estimated that two fifths 
of the hypertrophic tissue removed at prostatectomy represents the 
amount that is actually obstructing the urethra, one may consider any 
prostate gland the h 3 ^pertrophic portion of which weighs less than 
50 Gm. as suitable for transurethral resection. In but 32 per cent 
of 575 cases in which prostatectom}'- was performed at the Mayo Clinic 
in the last three years did the removed tissue weigh more than 50 Gm. 
But included in this 32 per cent are many cases in which the patients 
had complete retention, extensive renal impairment and often grave car- 
diac injury, not to mention extreme senility in some cases, when they 
were first seen. Such patients require suprapubic drainage at the earliest 
moment consistent with safety, and, needless to add, relief of the obstruc- 
tion should be undertaken with the minimum of risk. The institution of 
suprapubic drainage greatly extends the applicability of transurethral 
resection for reasons already stated. As a result, at the clinic it was 
found possible to relieve patients of their suprapubic drains in cases in 
which the risks had seemed too great to warrant prostatectomy. 

Up to January, 1932, Bumpus had removed the obstructing portion 
of the prostate gland in 44 cases in which cystostomy had been per- 
formed previously. In 19 of these, the cystostomy had been done as 
the first stage of prostatectomy in two stages, but the decrease in the 
size of the gland after drainage, or more frequently the poor physica 
condition of the patient, made the transurethral method of removal 


seem preferable. _ . . i i 

Among the 44 patients were 3 with carcinoma of the prostate gland 

who previously had undergone suprapubic draina^ and, becoming dis- 
satisfied with the arrangement, demanded relief. One of these fatten , 
acred 73, died of embolic pneumonia. In the remaining ^ cases in which 
C3%tostomy had been performed, the transurethral method of treatment 

H. C, Jr.: Prostatic Obstruct^n 
age Followed by Transurethral Resection, Tr. Am. A. 

211 , 1932 . 
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was used because Ibc urinary obstruction was not great. In 12 o{ these 
22 cases, recent resection of a diverticulum made another major oj)er- 
ation a thing to be avoided, and in the remaining 10, removal of .stones 
from the bladder had resulted in so much diminution in the size of the 
prostate gland that prostatectomy hardly seemed justified for removal 
of so comparatively small an amount of tissue. Letters were received 
from 38 of the patients who accepted transurethral resection after 
previous cystostomy. Twenty-nine expressed themselves as satisfied 
with the results, whereas 9 were disappointed. 

Bumpus concluded that although transurethral removal of obstruct- 
ing prostatic tissue bad been made possible by electrocoagulation, the 
applicability of transurethral resection has been extended by the per- 
formance of suprapubic cystostomy prior to resection. Suprapubic 
cystostomy is especially useful in operating on patients who arc suffering 
some serious impairment of parenchymatous organs. 

Crowell and Davis attempted to analyze clinically, by question- 
naire and by personal examination, results in 3S5 cases in which trans- 
urethral resection bad been carried out according to their plan in the 
last five years. Two hundred ninety-nine patients returned the answered 
questionnaire, and 49 reported for examination. One hundred and 
seven patients had not returned definite replies to the questionnaire. 

The authors found that the clinical results obtained were better in 
cases in which operation had been performed more than six months 
before the questionnaire was answered. There is nearly always some 
tenderness, accompanied by tenesmus, during and following urination 
for several months after the operation, but this finally subsides. They 
presumed that with tiirre the remaining portion of the gland becomes 
atrophied and retracts so as to enlarge the vesical opening and enable 
the patient to empty the bladder without difficulty. A number of the 
patients were subjected to cystoscopy from one to five years after 
operation, and the prostatic urethra was found unobstructed by the 
remaining portion of the gland. 

In the analysis of questionnaires and reexaminations, it appeared 
that 247 patients had no difficulty in emptying the bladder, while 16 did 
have difficulty. Of these patients, 110 emptied the bladder once at 
night ; 77, two or three times, and 59 not at all. Three had incontinence, 
and 5 noted leakage at times when the bladder was full. Ninety-three 
had gained weight, and 133 had not changed in weight. 

Day considered an initial series of 71 cases in which loop resec- 
tion was performed by seven different urologists. Fifty-three oper- 

38. Crowell, A, J.. and Davis, T. M.; Results in 385 Cases of Prostatic Resec- 
tion by the Davis Method, Tr. Am. A. Genito-Urin. Surgeons 25:215, 1932. 

^39. Day, Robert; Endoscopic Resection of the Prostate, J. Urol. 28:569 (Nov.) 
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ations \vcic performed on clinical patients, ail in the same hospital, and 

t \\eic on private i)aUents. Eleven resections were performed by the 
same attending urologist in his clinical service ; 21 were about evenly 
thvKiecI among five other urologists in the sendee, and the remainder 
were performed b}' Day himself. There were 9 deaths, 6 from primary 
hemorrhage and ensuing shock, 2 from multiple abscesses of the kidney 
and 1 fiom acute dilatation of the heart. The mortality rate for the 
entire scries was 12.7 per cent. The first 41 patients of the series were 
unscicctcd. In size, most of the prostate glands were graded 4. All 
of the deaths were among these first 41 patients, a mortality rate of 
22 per cent. A considerable percentage of these 41 patients had been 
considered either completely unfit for prostatectomy or as extremely bad 
risks. The reniaining 30 were selected, 18 of whom were private 
patients ; none of these 30 patients died. The most frequent cause of 
death was primary hemorrhage with ensuing shock. In the later series 
of selected cases the freedom from undue bleeding was attributed, for 
the most part, .to the emplo 3 mient of a two-machine hook-up. Day 
stated that in his total personal series of 39 cases in which major loop 
resection was performed, there were 2 deaths. Four of the 71 patients 
in the series were later subjected to prostatectomy. 

Malignancy . — Smith summarized the effect of radium applied to 
the prostate gland in 31 operations on 29 patients. There were 6 deaths 
from operation, 3 of which were due to pulmonary emboli. Nine other 
patients died of carcinoma rvithin one year. The average length of 
life of those patients who survived operation but who died of carcinoma 
was thirteen and a half months. Seven of the patients ivere still alive 
when the report was written, 4 patients less than one year, 1 thirteen 
months, 1 eighteen months and 1 four years after operation. 

Smith said that in 3 cases it was demonstrated that carcinomatous 
cells had survived extensive irradiation (from 3,800 to 5,000 millicurie 
hours). Since it is not feasible to destroy the entire prostate gland 
by massive, destructive radiation, the object of treatment b}'^ radium 
should be to employ a dose insufficient to cause extensive necrosis, with 
a view to causing fibrosis and a decrease in the malignancy of the tumor. 

Brandesky-*^ found 154 cases of sarcoma of the prostate gland in a 
review of the literature, and added a case of his own. Sarcoma of the 
prostate gland is rare, usually afflicting young subjects. In the rejwrtcd 
cases, 31 per cent of the patients were in the first decade of life; 1/ per 
cent had passed the age of SO. The prognosis is always unfavorab e. 


^Smith, G. G. : What Does Radium Do to the Alalignant Prostate? Tr. Am. 

A Genito-Urin. Surgeons 25:155, 1932. lu.-t.ncrlir 

’ 41. Brandesky, Walter: Primare Prostafasarkome, icn. med. 1 

82:182, 1932; abstr., Am. J. Cancer 16:1183, 1932. 
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Brandcsky’s palicnl was a man, aged 56 years, who had tirmary 
olistrucUon. Cyslotomy was done, following which the patient had 
repeated attacks of burning jiain and tenesmus. Kcct.al paljialion 
revealed a large, soft, fluctuating prostate gland protruding into the 
rectum. Three months after cyslotomy the tumor was partially removed. 
It was adherent to the veclvun and grossly was of ])apillary structure, 
ilicroscopic examination revealed a necrotic, spindle cell sarcoma, ihe 
patient died shortly afterward, atrd at nccrojrsy the di.agnosis of sarcomti 
of the prostate gland was confirmed. 


nr..AnDER 

Tumors. — Miillcr'*- reported on conditions of the urinary bladder 
in workers- in aniline dyes at Basel. There were 4 eases of acute 
hemorrhagic cystitis, 1 case of chronic ulcerative cystitis, 19 papillomas 
of which 6 later became malignant and 36 definite carcinomas. The 
time in which the worker had been handling different chemicals varied 
from two to thirty-six years, averaging seventeen years and four 
months. For the 9 benign tumors, the average was fourteen years, 
and for carcinoma, nineteen years. 

In contrast to the observation of Simon, who found a fairly low 
degree of malignancy in aniline carcinomas, the growths at Basel Nvere 
highly malignant and rarely operable, and readily formed metastatic 
growths. The papillomas in Muller’s cases were treated satisfactorily 
by endovesical fulguration. In 5 cases of carcinoma in which the tumor 
was in a satisfactory area resection of the bladder was done. Of these 
patients, 2 were well and working eight years after operation. In cases 
in which the tumor was on the side wall and base of the bladder, 
cystectomy was done, the ureters being transplanted into the intestine. 

A rigid system of examination and prophylaxis is being carried out 
among the chemical workers in Basel. The urine is examined at regu- 
lar intervals, and any patients who have suggestive symptoms are 
examined cystoscopically. 

Redi and Marri stated that the indications for extensive operation 
in cases of malignant tumor of the bladder are drawn chiefly from 
the size of the tumor, its base of implantation, its extent in surface 
and depth, the presence of metastasis and the general condition of the 
patient. Although total cystectomy is the operation of choice when the 
growth is extensive, in most cases the situation of the tumor and its 
infiltration into the wall of the bladder indicate partial cystectomy; this 

42. Muller, Achilles: Ueber Blasenveranderungen durch Amine Ztschr f 
urol. Chir. 36:202 (Jan.) 1933. 

43. Redi, Rodolfo and Marri, Piero; Sulla resezione parziale della vescica 
urinaria per cancro infiltrate e sulla consecutiva rigenerazione della parete vesci- 
cale, Arch. ital. di urol. 10:3 (Jan.) 1933. 
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c:m Ik (lone even wlicn llic enlire wall of ll,e bladder, except the trigone 
With the ureteral orifices, is involved. The resection may be followed by 
suture, or suture may not be employed ; even in the latter case, the bladder 
regenerates completel}-. A case in which Redi operated is of particular 
interest from the surgical standpoint, in that partial resection of the 
bladder was accomplislied suprapubically by use of the electric knife. 
Ihc tumor, which was composed of highly typical cells, involved the 
entire left half of the bladder; it was limited posteriorly the ureteral 
oiifice and antcriorl)’ by the median line of the organ. When it was 
seen that the ureteral orifice was not invaded by the tumor, Redi pre- 
served it, although he extensively cocagulated this area. The entire left 
half of the bladder was removed, and the remainder of the cavity was 
packed around a permanent catheter. Two weeks later, where the left 
half of the bladder had been, a smooth, shin}^ pinkish wall had been 
developed, differing markedly from the mucosa. By the end of a month 
there was a well defined left vesicular cavity, rather more extensive 
than the right half. There was no ureteral reflux, and the general 
condition of the patient was excellent. When the report was written, 
one year had passed since the operation, and there had been no sign 
of recurrence. 

Marri, who made the pathologic examination of the specimen, found 
complete absence of epithelial pearls or of any tendency to cornification, 
which showed that the growth was highly malignant. Absence of cornifi- 
cation is one of the characteristics of those forms which ulcerate readily, 
spreading through the walls of the bladder and extending to adjacent 
structures. That the tumor was of definitely infiltrative type, however, 
is shown by the fact that the vesical wall itself was irregularly invaded 
in every direction by the epithelial extensions ; the invasion stopped 
just short of the peripheral portions of the wall. Examination of tissue 
from the newly formed vesical wall, on the sixtieth day following 
operation, revealed regeneration that included all the walls, thus prov- 
ing that for such a result it is not necessarj^ to make use of a suture for 
the purpose of reconstructing a vesical cavity. In some tracts the 
epithelium was completely reconstituted ; in some places it was identical 
with normal epithelium, and in the other areas nearlj^ so. The elements 
were roundish, thick-set and rather large, evidently following a biologic 
law common to the various tissues in these cases, but not to be confused 
with pathologic processes of proliferation with which it had no relation. 
Amitotic division was observed everywhere, but never mitosis. The 
histologic observations led to the conclusion that this regeneration had 
come from the margins of the urinary bladder remaining after resec- 
tion of the diseased portion. The regeneration applied to all strata o 
the wall, muscular and mucosal. 
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Godard and Koliopoulos,^* allhougli they cxi>ross(:d belief in tlic 
usual methods of treatment of carcinoma of the bla<ldcr of women, 
advised cystectomy in eases in which ordinary methods arc imj>racti- 
cable. Cystectomy is logical only when combined with total hyster- 
ectomy ; a’ bloc formed of the bladder, uterus, related lymphatic regions 
and vesicovaginal zone corresponding to the trigone .should be removed 
in one piece. 

An operation in two stages is done. The first stage is bilateral 
cutaneous iliac ureterostomy by Papin’s method. This preliminary stej) 
has also the advantage of permitting exploration of the condition of the 
kidneys and ureters, which will reveal whether cystectomy is feasible. 
Preoperative care consists of lavage of the bladder, administration of 
vaccine and, when there has been profuse hematuria, transfusion. 

Cystectomy is indicated for malignant tumors of the floor of the 
bladder, tumors of the trigone aird most tumors of the lateral surface 
of the bladder. Partial cystectomy is nearly alwa)'s insufficient, but 
may be done for early carcinoma of the dome of the bladder. One 
should be certain that the carcinoma is not secondary. 

The final operation is performed in stages; First, the adnexa are 
removed, and the utero-ovarian and round ligaments are tied. Second, 
the umbilico-uterine arterial trunk is isolated and tied, and the utero- 
sacral ligament is sectioned. This second stage is accomplished by 
dissection of the umbilical artery, freeing of the origin of tlie uterine 
artery, and tying of the common trunk above the latter. In excep- 
tional cases the hypogastric artery must also be tied. As soon as section 
of the uterosacral ligament is accomplished, the uterus becomes movable 
and rises easily. Third, the neck of the bladder is liberated and sec- 
tioned. Fourth, the vagina is sectioned. Fifth, peritonization is per- 
formed, followed by the placing of a vaginal drain. A suture is drawn 
from right to left, uniting the prevesical peritoneum to the sigmoid 
part of the colon. 

The survival of patients, as reported by various authors in cases in 
which cystectomy has been performed, is as follows : five years and four 
years (Heresco), eight years (Nicholitch), five years (Wolff), from 
one to six years in 6 cases (Albarran), from two to six years (Wer- 
hogen) and sixteen years (Pawlick). Watson, in 16 of 62 cases had 
cures lasting “several years.” Simon reported 2 cases in which the 
ureters were implanted into the intestine, with 1 death from post- 
operative uremia and 1 death three months later. Beer reported that 
five years after total cystectomy he had observed recurrence of the 
malignant grorvth in the iliac region. 


44. Godard, Henri, and Koliopoulos, A.: La cystectomie totale diez la femme 
dans le cancer de la vessie, Rev. de chir., Paris 70:201 (Atarch) 1932. 
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y.slccloniy, clcspilc its grnvit}^ is indicated for epitheliomas and 
snrconias Hint resist physical agents; exceptionally, also, in the course 
ot a Werthcim operation for carcinoma of the uterine cervix, when one 
encounters invasion of the floor of the bladder and has to operate in a 
single stage. 


Chwalla concluded, from his cxj)cricnce with vesical carcinomas, 
that with the exception of those carcinomas which involve the base and 
neck of the bladder, it is best to resect all, since cure is thus more likely. 
Although Chwalla s operative results are not unusual, he has achieved 
.1 huge number of apparent cures; 40 per cent of the patients have had 
no recurrence eight years after operation. In cases of carcinoma of the 
base of the bladder, Clnvalla stated that he treats on!}' s 3 'mptomatica!ly 
or not at all. If the carcinoma is obstructive, a suprapubic fistula is 
made. He expressed the belief that cystectomy, as judged by the 
results reported, is hardly justified at present. He also gi\'es as his 
opinion that the best results and improvement in the future will rest 
on early diagnosis and earl}' operation. An early diagnosis is possible; 
every patient with hematuria should undergo cystoscopy, and every 
])atient with urinary disturbance should be examined urologically. 

Barringer stated that from 30 to 55 per cent of carcinomas of the 
bladder can be controlled by proper irradiation for three years or more. 
He reported 129 cases. In 98 cases, the clinical diagnosis was sup- 
ported by biopsy. In this group, 52.9 per cent of 51 patients with 
papillary carcinomas and 29.7 per cent of patients with infiltrating 
carcinomas of the bladder were alive without evidence of disease at the 
end of three years. 

Barringer ach'oeated suprapubic cystotom}' and implantation of 
radon seeds in the treatment of carcinoma of the bladder. He used 
gold seeds of radon, containing from 1 to 1.5 millicuries. He implanted 
a gold seed in each square centimeter of the base of the tumor. His 
operative mortality was only 4 per cent in 109 consecutive cases. He 
expressed the belief that it is possible to control from 10 to 15 per cent 
of carcinomas of the prostate gland for three years or more by irradi- 
ation. If the disease is confined to the posterior region of the prostate 
gland, between the fascial planes, ivithout involvement of the vesical 
neck, the use of radon needles, implanted through the perineum, is 
advised. In cases in which the tumor involves the neck of the bladder, 
cystotomy and implantation of gold seeds of radon into the prostatic 

tumor are preferable. 


isTchwaha, Rudolf: Das Carcinom der Harnblase und der gegenwartige 
Stand seiner Behandlung, Ztschr. f. urol. Chir. 35:251, 1932 . 

46 Barringer, B. S.: Bladder and Prostatic Carcinoma, J. M. i>oc. 
Jersey 29:115 (iFeb.) 1932. 
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Sauer reported a case of endometriosis of the urinary bladder. 
The patient was a woman, aged 40, who had severe dysuria and 
hematuria for nine months. Cystoscopy revealed a mass, the size of 
a cherry, on the posterior wall of the bladder in the median line. It 
protruded into the bladder and was surrounded by a region of bullous 
edema. There was no definite inflammation in the bladder or around 
the tumor. The patient was operated on, and the tumor was removed 
with wide resection. It was thought at the time of operation, judging 
from the consistency and appearance of the tumor, that it unquestionably 
was malignant. Microscopic examination revealed typical endometriosis. 

Diverticulum. — Spinelli^® stated that although most diverticula of 
the bladder are acquired, a small number are evidently congenital, for 
they are found in fetuses and associated with other malformations. 
They increase in frequency with the age of the patients, reaching their 
maximal frequency in the fifth or sixth decade of life. They are rare 
among women, and it is significant that they develop in the same decades 
as obstructions of the bladder and urethra from various causes. 

In order of importance, the site of diverticula is: first, the lateral 
walls of the bladder ; second, the floor of the bladder ; third, the ureteral 
and periureteral regions, and fourth, the dome and posterior wall. This 
distribution is based on anatomic findings of points of lessened resis- 
tance to continued increase of pressure, which yield and permit cellules 
and diverticula to form. 

When the normal habitual force necessary to empty the bladder has 
become increased by conditions which obstruct the normal outflow of 
urine, the mechanism of production of diverticula becomes evident. 
Lesions which cause obstruction to the outflow would act pathologically 
as follows : first, through insufficient emptying of the bladder, resulting 
in urinary stasis ; second, through the effort of the detrusor to over- 
come the obstruction; third, through the distention and atony which 
injure the detrusor in cases of incomplete chronic obstruction; fourth, 
through the tendency of the stagnant urine to become infected, and 
fifth, through incoordinated and violent contractions to which the blad- 
der is subjected after cystitis has developed. Under any of the condi- 
tions named, the muscle attempts vigorously to overcome the obstacle. 
This is followed by hypertrophy of the musculature and a characteristic 
appearance of the bladder in columns, with marked weakness of the 
walls, especially at the points of congenital inferiority. It is just at 
these points that the mucosa of the bladder tends to open between the 
trabeculae of the columns or between the openings of the meshes, while 

47. S.nicr, H.: Ueber cinen Fall von Endometriose dcr Harnbla^e Zcntralbl 
f. Gyniib. 57:347 (Feb. 11) 19.33. 

4S. Spniclli, .Xmoniiio: I. Divcrticoli della vcscica, Policlinico (sez chir ) 39- 
.390 (lime 15) 19.32. 
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(he process of inflammation which always accompanies these lesions, 
infiltrating the muscular wall, renders it less elastic and more liable to 
pvc way. 1 hus the diverticulum begins, and as the pressure increases, 
It gams m size. The wall is soon infiltrated by the inflammatory process, 
which produces abundant connective tissue of a poor sort, almost 
always devoid of clastic and muscular fibers, while on the outside the 
inflammatoiy process extends by' contiguity' to the nearby parts and 
foims cicatricial bridles which also impair the elasticity of the same 
wall. 


The diverticulum becomes evident only when complications arise. The 
functional symptoms most frequently met are dy'suria, retention, inter- 
rupted micturition and terminal pyuria; on these the diagnosis is based. 
Left to itself, the diverticulum grows larger, and may give rise to 
four types of complications : mechanical, infective and inflammatory, 
calculous and neoplastic, and ascending disturbances. Spinelli uses the 
suprapubic route as the most convenient approach to a diverticulum of 
the bladder. The postoperative course after removal is generally good. 
The mortality rate, according to various authors, is 9,91, 10 and 13 per 
cent ; functional insufficiency remains in about 20 per cent of the cases. 

Rupture . — Mark observed the innocuousness of mediums for 
intravenous urography', and suggested their use in the diagnosis of 
ruptured bladder. He stated that 35 cc. of 40 per cent skiodan was 
given intrar'enously while the patient was on a Bucky diaphragm. Seven 
minutes following the start of the injection, the first roentgenogram 
was taken and eight minutes after the injection Avas started, the second 
Avas taken. These roentgenograms disclosed extraperitoneal rupture 
into the space of Retzius, Avith most marked extravasation on the left. 
The patient Avas immediately taken into the operating room, the diag- 
nosis substantiated and repair instituted. 

Mark stated that use of this method in cases of suspected rupture 
of the kidney of lesser degree and in cases of suspected rupture of the 
bladder is simple and innocuous, and should apply to both intraperitoneal 
and extraperitoneal rupture. It appears to be free from the objection 
able features that might be held against the usual methods of diagnosis. 

Hernia.-— Oherlm found, in the literature, reports of only 13 cases 

of perineal hernia of the bladder, to which he added the report of a case 
of his own. Of the entire 14 patients, 10 were f emales._ There are tAVO 
types of perineal hernia, median and lateral. The median 
abnormal depth of Douglas’ culdesac, pressing either on the Avail of 


49. ifark, E. G. ; Intravenous Urography in the Diagnosis of Rup ure 

■Rladder, J. A. M. A. 100:42 (Jan. 7) 1933. ^ . 

50. Oberlin, Serge: Hernie perineale de la vessie, Bull, et mem. 

chtr. 58:1237 (Oct. 19) 1932 . 
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vectutii or on lhat of the vagina, comprises l)Olh hydroceles and clytro- 
celes. Lateral hernias, on the contrary, emerge throiigli tlie fibers of 
the levator ani or insinuate themselves between tins muscle and the 
ischiococcygeal muscle. The position of the hernia with ref ei cncc to 
the transverse perineal muscle is difficult to establish, since it is hardly 
visible, owing to the pushing back or distortion of this muscle by the 
development of the hernia. Anterolateral perineal hernia had been 
reported only in the male ; it is caused by trauma and does not, properly 
speaking, constitute a true hernia. Apart from these, all perineal 
hernias of the bladder are posterior; however they may begin, they 
end by passing behind the urogenital diaphragm and taking a position 
between the anus and the ischium. 

In Oberlin’s case, the hernia, coming from the small pelvis, passed 
obliquely backward, crossing the axis of the vagina. A series of roent- 
genoscopic and roentgenographic views indicated that the content of the 
sac was not intestine or omentum. Because the swelling was easily 
reducible, the diagnosis of cold abscess was excluded; a diagnosis of 
hernia of the bladder was made. This hernia was constituted by a 
prolongation of the bladder that communicated widely with the rest of 
the organ, and in no sense formed a diverticulum. It was accom- 
panied by a sort of funnel that replaced the trigone. The bladder was 
of normal capacity, but was much deformed in contour ; it was flattened 
transversely, with the two lateral walls almost vertical and very close 
together. On the sides of the funnel the two ureteral orifices could 
be seen, in normal condition. There was no interureteral muscle; the 
funnel stretched out behind the orifices, which seemed nearer to the 
neck of the bladder than is usual. The levator muscle was represented 
by only a few fibers, stretched out and atrophied, on the surface of the 
hernia.' A sound introduced through the urethra and bent downward 
and to the left easily penetrated the herniated portion of the bladder 
and could be felt on palpation. 

To push the pocket back into position was simple. It was much 
more difficult to reconstruct the floor of the perineum, in view of the 
poor quality of the tissues available for use. Oberlin could make a 
reconstruction only in a single layer, taking in the gluteus maximums 
and a few remnants of the levator ani and fixing them within the wall 
of the vagina. Thus, an insecure curtain was drawn under the bladder, 
and the skin was sutured over a horsehair drain. The results were 
excellent for two years, after which the hernia recurred. It was a 
remarkable fact that the patient had never suffered the least incon- 
venience in function of the bladder throughout the history of the hernia. 

[Compilers hToxE. Perineal hernias of the bladder are extremely 
rare. They are more commonly observed among females than amon^ 



” yiUCIIIVllS Of SURGERY 

males. 1 he condition must be distinguished from rectocele, cystocele 
.md other ectopic conditions of the lower part of the urinary tract. 

n .1 icMCw of 15 eases of diverticulum of the urinary bladder associ- 
ated witii hernm, tabulated by Lowsley and Gutierrez, not a single 
in.stancc of this perineal tj’pc of hernia is mentioned. It is obvious that 
it is most important to establish a correct diagnosis of this acquired 
01 congenital lesion previous to its surgical repair; accurate diagnosis 
can be aided by the routine use of cystography.] 

Puiicfioit. Smith and Engel came to the conclusion that the nor- 
mal motor function of the bladder is maintained by balanced inner- 
vation from the sympathetic and the parasympathetic nerves. The 
paras3'mpathetic nerves are capable of carrying on vesical function 
independently, and tlie action of the s^nnpathctic nerves on the sphinc- 
teric outlet is brakclike, relativch' speaking, a retarding balance against 
the action of the paras3-mpathetic nerves. 

Retention or incontinence must be considered in the following 
respects : first, as to whether retention is the result of anatomic obstruc- 
tion, or defective innervation, which must be determined by cystoscopy 
and cystography; second, as to whether incontinence is the result of 
overflow of retained urine or a complete absence of sphincteric control; 
third, as to which division or part of the autonomic nerve supply is 
affected. Smith and Engel stated that personal experience and a sur- 
vey of current literature indicated that in most instances responsibility 
for either incontinence or retention can be placed on faulty innervation 
from the parasympathetic nerves, which in most instances is associated 
with osseous fusional defects of the lower part of the spinal column, 
in which the nerve roots have become involved in associated fibrous 
tissue during the development of the patient. In cases of retention, 
degeneration of the paraS3TOpathetic nerves apparent^' leaves the brake- 
like innervation from the sympathetic nerves in control of the sphincters. 
Smith and Engel stated that in cases of incontinence the inherent tonus 
of the sphincter muscles, which is dependent on parasympathetic inner- 
vation, was absent from the first in the more aggravated cases, and 
had been completely lost during the degenerative process, in which 
primary retention had passed over into incontinence. 

Smith and Engel stated that treatment is regarded as essentially 
surgical. Correction of impingement on nerves involved in osseous 
spinal defects should receive primary consideration. In cases of incon- 
tinence, reenforcement of sphincteric control should be attempted by 

"iri^ey, O. S., and Gutierrez, Robert: Operative Intervention for Relief 
of Diverticulum of the Urinary Bladder, Analysis of Fifty-Four Cases, J. 

^^'52.^Smifh, C K., and Engel, L. P.: Neurogenic t^esical Dysfunction in Chil- 
dren, J. Urol. 28:675 (Dec.) 1932. 
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transplantation of muscles into the perineum, encircling the urethra, or 
b}' plastic tightening of the vesical sphinetcric outlet. If a sense of 
filling or emptying of the blackler remains, fair to good results can be 
expected. On the contrary, if no such sense remains this plan is use- 
less. In cases of retention, resection of the sympathetic chain releases 
the brakelike action on the sphincter, and good emptying power can 
be expected. 

Gumming stated that observations made on the urinary tract by 
means of serial roentgenograms, together with the usual functional 
studies and, in some instances, cystoscopic procedures carried out pri- 
marily for treatment, indicate that emptying of the bladder can be estab- 
lished following retention due to injury of the spinal cord or to pressure, 
as from a tumor, without the use of catheters. In stubborn cases 
automatic emptying can be facilitated by the use of caudal anesthesia. 
In case of infection of the bladder, ascending involvement of the 
kidneys and ureters is universal, and a large proportion of patients 
who survive the early effects of a lesion of the spinal cord succumb 
to renal infection. In some instances there seems to be more or less 
spontaneous recovery from renal infection, but recurrences are fre- 
quent. In the presence of gross infection of the urinary tract, with 
a paralyzed bladder, a great deal can be accomplished toward over- 
coming or curing this infection by means of routine, accepted types of 
treatment. Prolonged drainage by a ureteral catheter is particularly 
efficient. Gumming stated that hydronephrosis is not a common sequel 
of paral3^sis of the bladder, nor is ureteral atony a common finding 
except in the presence of gross infection. 

Learmonth and Braasch considered the value of sympathetic 
neurectomy in vesical conditions. They drew attention to what seemed 
to them to be a significant fact, as far as their material allowed them 
to judge. Gases are found in each of the three groups in which section 
of the presacral nerve alone was effective, either as a primary operation 
or after local procedures had failed. They expressed the opinion, 
therefore, that in suitable cases the possibility of using this procedure 
should be considered. As time passes, no doubt the indications for the 
operation will be more strictly defined, and this may mean either 
restriction of its field or expansion to include other conditions. The 
authors expressed themselves as being satisfied that the procedure had 
occasional value in their own practice. 

53. Gumming, R. E. : Structural and Functional Changes in Urinary Tract 
Following Focal Cord Lesions, J. A. M. A. 99:1998 (Dec. 10) 1932. 

54. Learmonth, J. R., and Braasch, W. F. : Clinical and Surgical Aspects oi 
Nerve Lesions Involving the Lower Part of the Urinary Tract. Ztschr f urol 
Chir. 36:195 (Jan.) 1933. 
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TESTIS 

7 Zondek !ias studied the behavior of the anterior hypophy- 

seal hormone in 14 cases of teratoma of the testis; the ages of the 
patients varied from 30 to 66 years. He pointed out that the excretion 
ot proian^ A by patients with tumors is usually somewhere between a 
j) i}sioIogic minimum and the greatly increased excretion found in preg- 
nancy. (Embryonal adenocarcinoma and chorionepithelioma of the 
testis lesuh in the excretion of from two to five times the amount of 
anterior h3’pophyseaI hormone found in pregnancy.) 

Control tests were made on the urine of healthy men and on that of 
men with various types of internal disease. In all, the reaction was 
negative. In view of this, Zondek concluded that in men a positive 
reaction ma}’ be interpreted as evidence of a malignant tumor of the 
testis. 

Zondek stated that it ma}^ be possible to demonstrate a definite 
I'clationship between the excretion of prolan A in the urine and the 
type of testicular tumor; he points out the wide variation in the amount 
excreted in cases of chorionepithelioma and of teratoma. He closed 
his study with a plea that the urine of patients suffering from testicular 
tumors be regularly examined for the hormone of the anterior 
h3-popltysis. 

Bollag stated that malignant tumors of the testis occur most fre- 
quently between the ages of 25 and 35 years. The most frequently 
observ’ed etiologic factors are ectopia of the testis and trauma. Earlier 
therapeutic methods consisted chiefly in simple castration or radical 
operation, including removal of the pelvic and abdominal lymph nodes. 
Since 1923 more patients are being treated by extirpation of the primary 
tumor with postoperative irradiation. The author found in the litera- 
ture reports of 47 cases in which results were satisfactory. 

Although the last ten years have shown progress in studies of the 
etiology and treatment of testicular tumors, there is still an important 
field for investigation of these tumors from the point of view of 
hormones. In this connection, Zondek has urged study of the anterior 
hypophyseal hormone. In several cases, chiefly cases of chorion- 
epithelioma of the testis, but including also 5 cases of testicular sarcoma, 
the hormone was demonstrated. The demonstration can be made by 
injection of the urine or extracts therefrom (after the technic of 
Zondek), or by the implantation of fragments of tumor into immature 

female mice. 


55 Zondek, Bernhard: Maligne Hodentumoren und Hypopkysen Vorderlap- 
enhormone. Klin. Wchnschr. 11:274 (Feb.) 1932. 

56 Bollag Louis: Zur Kasuistik der malignen Hodentumoren, Schwoz. m . 

Vchnschr. 62:419 (April) 1932. 
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The author reported 2 cases of seminoma in which the hormone of 
the anterior lobe of the hypophysis was demonstrated. 

PENIS 

Carcinoma. — Leighton made a summary of 67 eases of carcinoma 
of the penis. Of the 24 patients who refused treatment, 1 died of 
carcinoma and 1 of an unknown cause; 19 had not been heard from, 
and 1 was operated on elsewhere. Of 43 patients treated conserva- 
tively, 4 received roentgen or radium therapy. Three of these died 
and 1 was not traced. Of 34 eases in ryhich operation was performed, 
partial amputation was done in 3 cases, and partial amputation with 
inguinal dissection in 5 cases. Total amputation was done in 1 case. 

Of 11 patients who were subjected to total amputation with 
inguinal dissection, 3 died. Total emasculation was done in 14 cases; 
2 of the patients could not be traced, and 9 of the remainder died. 

Five of the 34 patients operated on had not lieen heard from; 
14 died, 2 postoperatively and 3 of recurrence; 9 lived from one month 
to eighteen years, and died of other causes than carcinoma. Nineteen 
patients were living for from six months to twenty-five years after 
operation. In each of the 3 cases in which death occurred from recur- 
rence, there was metastasis in the inguinal lymph nodes at operation. 
Five patients whose tumors were of grade 2, and who had inguinal 
metastasis at the time of operation, were still alive and free from recur- 
rence at the time of the study. 

[Compilers' Note. — Papillary or flat carcinoma of the penis, usually 
arises beneath a tight, redpndant prepuce. The value of the prophy- 
lactic procedure of circumcision in youth cannot be too greatly empha- 
sized. Advocates of radical operation, such as the procedure outlined 
by Young, and of roentgen therapy, vie with one another in reporting 
excellent end-results. Increasing evidence shows the superiority of 
radium treatment if applied early and before invasion of Buck’s fascia. 
Here again the prognostic importance of the grade of malignancy in 
determining the probability of cure, or of the length of life after any 
form of treatment, is noteworthy.] 

UROGRAPHY 

Wesson and Fulmer'® stated that pyelography after intravenous 
injection should be used in any case in which the presence of stone in 
the ureter is suspected. If the medium is eliminated equally well from 

57. Leighton, W. E.; Carcinoma of the Penis, with a Report of Si.vty-Seven 
Cases, Am. J. Cancer 16:251 (March) 1932. 

58. Wesson, IL B., and Fulmer, C. C.: Influence of Ureteral Stones on Intra- 
venous Urograms, Am. J. Roentgenol. 28:27 (July) 1932. 
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K) 1 vie iic\ no stone is j)rcscnt. 1 his type of pyelography is not of 
(Meet value in (he diagnosis of obstructing ureteral stones which do 
not cast shadows, but is of distinct value in excluding stones from the 
di.ignosis. In cases of acute ureteral stone, the pyelogram on the 
unanected side will be good, and on the affected side, evidence of 
increased densit}’’ of the kidney but no outline of the pelvis or ureter, 
or a \-cn- much delayed one, will be seen. 

J he authois stated that in the presence of ureteral stones that 
]XirtiaIly block the ureter and cause stasis and hydronephrosis, the 
pelvis is usuall}' well outlined. If the stone blocked the ureter com- 
plctel}', there would be a functionless kidney above, and hence no pehde 
shadow. 1 he carh' reflex inhibition from ureteral irritation acts to 
protect the kidnc}- from earl^' Itydronephrosis. The reduction in ability 
to secrete the medium is apparent rather than real. The increased 
densit}' of the affected kidney indicates that there is a concentration of 
the medium between the glomeruli and the distal end of the connecting 
tubules, the jnedium being of equal concentration in the blood of both 
kidne 3 ’s. 

URIXARY INFECTION 

Campbell,*® after reviewing 274 of his own cases of chronic pyuria 
in juvenile patients, stated that under the diagnosis of chronic pyelitis 
or chronic cystitis, infants and children are commonly and unsuccess- 
full}^ treated for months or years. When renal infection exists, the 
lesion is basically suppurative pyelonephritis. In many cases of so-called 
pyelitis, the infection is localized in the bladder and urethra. When 
chronic urinary infection resists intensive medical treatment for one 
month, a complete urologic examination is indicated. Campbell has 
found, in infants and children, almost every lesion of the urinary tract 
which one is accustomed to associate with adult life. As a rule, medical 
treatment alone is inadequate to effect bacteriologic cure, and while 
surgical attack may serve only to control rather than to cure the infec- 
tion, conservative operations often will prevent further renal destruc- 
tion and thus prove life-saving. Occasionally, nephrectomy is demanded. 

Lfay®" stated that infestation with Trichomonas, which is rather 
common in the vagina, is only rarely found in the urinary tract. He 
cited the case of a man, aged 51, who had a pain in the^ right rena 
region. He had no urinary disturbances, urethral discharge or 
hematuria. Physical examination gave essentially negative results. 
Following thorough irrigation of the urethra and bladder, the prostatic 

Campbell, M. F.; Chrome Urinary Infection in Infancy and Childhood, 

J. A. M. A. 99:2231 (Dec. 31) 1932. 

60 May, Ferdinand: Trichomonas vaginalis-Infection dcr Harmvege, - 
f urol. Chir. 35:213, 1932. 
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secretion contained pus cells and Trichomonas vaginalis, dheic ucie 
a few leukocytes and Trichomonas vaginalis in the urine. 

The author was unable to find in the literature a report of a similar 
case affecting a male and only a few in which the urinary tract of a 
woman was infested with Trichomonas. 


URINARY ANTISEPSIS 


Davis and Sharpe stated that hexjdresorcinol (dose, 0.75 Gm.) 
exerts an irregular and transient antiseptic action in about one third of 
the four hour samples. Methenamine (dose, 1 Gm.) is comparatively 
more efficient than either pyridium or hexylresorcinol in causing the 
normal person to secrete urine which is antiseptic against both the colon 
bacillus and the staphylococcus. Acriflavine (dose, 0.2 Gm.), admin- 
istered in capsules, exerts a surprisingly uniform and consistent anti- 
septic action in normal urine against both the colon bacillus and the 
staphylococcus. Urinary alkalinity is essential. On the other hand, 
acriflavine (dose, 0.2 Gm.), administered in shellac-coated pills, is 
practically inert. The acriflavine administered in capsules, although not 
injurious in efficient doses, causes unpleasant symptoms (nausea and 
catharsis) in a fairly large propoilion of cases. Consequently, acri- 
flavine has its definite clinical limitations. Clinical experience indi- 
cates, however, that this drug is of distinct value in selected cases, 
particularly those of acute infection of the urinary tract. 

Davis and Sharpe concluded that, as determined by antiseptic tests 
of samples of urine obtained before and after administration in unit 
maximal dosage to normal persons, pyridium is practically inert, hexyl- 
resorcinol is slightly antiseptic, methenamine is efficient and acriflavine 
(in alkaline urine) is unfailing. 

Davis and Sharpe stated that in the treatment of infections of the 
urinary tract, the time has not yet arrived when the old reliable meth- 
ods, based on detailed investigation and elimination of the accessory 
or underlying causes, may be discarded in favor of indiscriminate 
medication. 


UROLOGIC BACKACHE 


Morris, Langlois and Brunton,«== in a review of 3,600 histories, 
found backache of urologic origin in 1,127 cases (31 per cent). In this 
group there were 620 female and 507 male patients. The majority of 
patients with chronic renal lesions refer to their disability as backache 
mi^ot as pain in the back. The backache of pyelitis is a constant, 


01. Davis, Edwin, and Sharpe, J. C.; 
(Dec. 17) 1932. 

02. Morris, H. I..: Langlois, L. J., 
J. .A. M. A. 99:22.37 (Dec. 31) 1932. 


Urinary Antisepsis, J. A. M. A. 99:2097 
and Brunton, J. F.: Urologic Backache, 
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dull, dcep-scalcd ache, diffusely felt in the lumbodorsal region. The 
backache of ptosis is similar to that of chronic pyelitis, but in addition 
is of a dragging character and is relieved by rest. The disability in 
renal calculous disease is not true backache, but a persistent, paroxysmal 
pain in the costovertebral region, which is intensified and radiates as 
the calculus passes through the ureter. Prostatic backache is a’ dull, 
aching, sacral disability, which is most severe on rising and is occa- 
.sionally referred along the course of the sciatic nerve. 
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.trruss abiioniialit3' of the pancreas was found. In each case a portion 
01 1 le pancreas was rcscclcd. It was believed that there was some 
anichoiation of the patients’ symptoms. 

J he association of hyj)o<,dyccmic manifestations with marked hyper- 
trophy ot the islands of ]-angerhans lias been demonstrated by tlie cases 
jcpoiied b_\' Phillips '' and Gra}’ and Feemster.^® 

A\anend' in 1926. noted the occurrence of tumorous proliferation 
of the islet cells during his microscopic studies of pancreatic sections 
but failed to attach an_v clinical significance to the presence of these 
adenomas. 

\\ ildcr and his associates^' at the Mayo Clinic correlated this 
tumorous proliferation of the islands of Langerhans with the clinical 
syndrome of hypoglycemia. 

riialhimer and Murphy,*® McClenahan and Morris,** Frank,*® and 
Smith and Seibel *'■ reported four additional cases which presented the 
clinical picture of hypoglycemia. In each instance, autopsy revealed 
a definite adenoma in the pancreas composed of island tissue. 

The available literature presents three cases reported b}’" Howland 
and co-workers.*' Carr and his collaborators,*® and Womack and his 
associates,*® in which a preoperative diagnosis of hyperinsulinemia, with 
h3fpogl)'cemia, secondar}' to a tumor involving the islands of Langerhans 
has been confirmed by the demonstration of the tumor and its enucleation 


9. Phillips, A. W. : H 3 'pogl 3 'cemia with Hypertroph 3 " of the Islands of 
Langerhans, J. A. M. A. 96:1195 (April 11) 1931. 

10. Gra 3 ', S. H., and Feemster, L. C. ; Compensatory H 3 'pertrophy and Hyper- 
plasia of the Islands of Langerhans in the Pancreas of a Child of a Diabetic, Arch. 
Path. 1:348 (March) 1926. 

11. Warren, S.; Adenomas of the Islands of Langerhans, Am. J. Path. 2:335, 
1926. 

12. Wilder, R. M.; Allan, F. N.; Power, M. H., and Robertson, E.: 
Carcinoma of the Islands of the Pancreas, J. A. M. A. 89:348 (JuF 30) 1927. 

13. Thalhimer, W., and Murphy, F. D.: Carcinoma of the Islands of the 


Pancreas, J. A. M. A. 91:89 (July 14) 1928. , . r 

14. McClenahan, W. U., and Norris, G. W.: Adenoma of the Islands ot 
Langerhans with Associated Hypogbmemia, Am. J. M. Sc. 177:93, 19- . 

15. Frank, H. : Fatal Hypogb^cemia in Adenoma of the Pancreas, eutscies 


Arch. f. klin. Med. 171:175, 1931. 

16. Smith, M. G., and Seibel, M. G.: Tumors of the Islands of Langerhans 

and H 3 mogl 3 'cemia, Am. J. Path. 7:723, 1931. nr T • 

17. Howland, G.; Campbell, W. R.; Maltby, E. J., and Rob.nson, IC E,. 

Dysinsulinism, J. A. M. A. 93:674 (Aug. 31) 1929. Larrimore, 

18 Carr, A. D.; Parker, Robert; Graves, E.W.: Filter, A. 0.. ^ 

J L. : Hyperinsulinism from B-Cell Adenoma : Operation and Cure, J 

96:1363 (April 25) 1931. . rr a • Adenoma of the 

19. Womack, N. A.; Gnagi, W. B., Jr., and jp) 1931. 

Islands of Langerhans with Hypoglycemia, J. A. M. A. 97.831 ( 
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at the time of operation with complete restoration of normal carbo- 
hydrate metabolism during the postoperative interval. 

Cushing,-® in his Lister Memorial Lecture, referred to a case of 
hyperinsulinemia secondary to an adenoma of the pancreas that was 
then under observation at the Peter Bent Brigham Plospital. The details 
of this case are, we understand,-' now being prepared for publication. 


REPORT OF CASE 

The case which we wish to report first came under our observation 
on Oct. 13, 1931. 

History.— A. R., a 33 year old Mexican, was brought into the accident ward 
of Cleveland City Hospital with the following history ; At 7 p. m. the night before 
he had been picked up from the street by the police as an “alcoholic” and taken to 
the station house overnight. He had apparently fallen, striking his head on the 
sidewalk, for he had a contusion over his right eye and was in a semiconscious state 
when first found. He failed to regain consciousness during the night, however, and 
was therefore brought to the hospital. 

Physical Examination. — The patient was a stuporous, middle-aged Mexican, who 
responded to questions only by mumbling. There was a contusion over the right 
eye with a small hematoma, but no laceration of the scalp. There was no evidence 
of hemorrhage from the cranial orifices. The pupils were moderately dilated and 
slightly unequal, the right being larger than the left. Reaction to light and 
accommodation was only slight. The eyegrounds were normal. There was no 
nuchal rigidity. The heart and lungs were normal. Blood pressure was 112 
systolic and 52 diastolic. Examination of the abdomen, genitalia and rectum 
revealed no abnormalities. The reflexes were physiologic except the Babinski, 
which showed bilateral dorsiflexion of the great toes without flaring of the other 
toes. 

Laboratory Data. — On admission the urine was normal. The hemoglobin was 
100 per cent, and the white blood count 16,000. The temperature was 37.2 C. 
(98.9 F.), the pulse rate, 80, and the respirations, 20. Spinal puncture yielded a 
clear fluid, with a pressure of 2 mm. of mercury, which contained 2 cells. The 
Pandy test was negative. 

The patient could not be aroused from his semistupor, and diagnosis of 
alcoholism with cerebral edema (?) and fracture of the skull was made. 

As a means of combating the supposed cerebral edema, hypertonic dextrose was 
given intravenously. The patient instantaneously aroused from his stupor, sat 
upright, and appeared to be entirely rational. Questioning failed to elicit any 
history of previous similar attacks. No history of diabetes or insulin usage could 
be obtained. 

On the morning of the day after admission the patient was again in coma. 
Chemical examination of the blood at that time showed a blood sugar of 23 mg. 
per hundred cubic centimeters, urea of 32 mg., creatinine of 1.9 mg. and a carbon 
dioxide-combining power of 60. Dextrose was given intravenously with the same 
phenomenal effect. A tentative diagnosis of hyperinsulinemia, with hypoglycemia, 
secondary to a tumor of the islands of Langerhans was then made. 


20. Cushing, Harvey; Lister Memorial Lecture, Lancet 2:119, 1930 

21. Cushing, Harvey, and Newton, F. C, ; Personal communications. 
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n... ^Vil; Tl.e s„s=r ,.vek 

m rm " "“■■'""■'‘I <>'« of 1,800 calories, carbohydrate 

j ’ i' (ot 110 Gw. Oh (bis diet he coiKhitieci to go into hypo- 

i-l)ctinic .''Iiock at six to ciglit hour intervals. 


During eacli ol these seizures tlic patient showed the plantar response first called 
o our attention hy Hart and Bond--' as a diagnostic aid in differentiating between 
in.sulin shock and diabetic coma. In their e.xperience this e.xtensor response was 
not elicited during diabetic coma unless the patient had some associated organic 
disease involving the pyramidal tract. In insulin shock, on the other hand, the 
c.Ntensor response had been obt.ained in two instances. They conclude, therefore. 


T.aiile J. — Imtia! Blood Sugar Ralucs 


Time 

S;00 a. in 


Biood Sugar iere), 
3Ig. per 100 Cc. 

23 

13 

‘’3 

Intravenous Dextrose, 
Gm. 

25 

32:00 noon 


3:00 p.in 


25 

25 

C:00 p.in 

0:00 p.m 


SS.l 

2S.C 

T.-\ble 2.- 

—Initial Dextrose Tolerance Test 


Time 

7:15 n.m. (fasting: specimen) 

7:15 a.m 

S:15 a.m 

S:43 n.m 

0:15 a.m 

9:-15 a.m 

Biood Sugar Level, Intravenous Dextrose, 
ilg. per 100 Cc. Gm. 

25 25 

76 

220 

205 

210 

216 

195 

10:15 a.m 


- 137 



that the presence of the plantar response in a comatose diabetic person on insulin 
treatment should be accepted as evidence that the coma is due to insulin shock. 

A dextrose tolerance test (table 2) was done on October 16. This, as m the 
recorded cases, showed a diabetic type of curve. Urinalyses, however, failed to 

reveal any sugar or acetone in the urine. 

A study of the gastro-intestinal tract was made in an attempt to visualize a 
pancreatic tumor. The fluoroscopic e.xamination and films of the stomach and 
duodenum showed no evidence of an organic lesion within these viscera or o 

displacement by an extra gastric growth. 

Pituitary dysfunction, as a cause of the recurrent hypoglycemia, was elimina 
by the roentgenologic demonstration of a normal sella turcica and the absence 
any clinical evidence of pituitary dystroph 3 ^ 

Plates of the skull showed no evidence of fracture. 

P. M. D’A., and Bond, H. P.: The Diagnostic \k'ilue of the Plantar 
Response in’ Insulin Coma, Brit. M. J. 1:89S (May 18) 1929. 




227 


R0SS~T0M ASCII-ADENOMA OV PANCREAS 

In order to prove that the liypoglyccmia was not due to inadcciualc glycogen in 
the liver, 1 cc. of epinephrine hydrochloride was given subcutaneously on October 
21. The response is recorded in table 3. 

It now seemed reasonably well established that this man’s symptomatology was 
due to a persistent hyperinsulincmia. An exploratory laparotomy was, therefore, 
advised. 

In preparation for operation, 1,500 cc. of 5 per cent dextrose was given sub- 
cutaneously and 100 cc. of 50 per cent dextrose intravenously. 

Operation and Course.— An exploratory laparotomy was done by Dr. S. O. 
Freedlander on November 2 with the patient under spinal anesthesia. When the 
pancreas was exposed a small, purplish, cystlike structure, 1.5 to 2 cm. in diameter, 
was found projecting from its anterior surface about a half inch above the inferior 
border of that organ near its midportion. The remainder of the pancreas was 


Table 3. — Preoperative Response to Epinephrine 
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Fifteen (lays after operation a dextrose tolerance test was done. This still 

5 .owed a higher than normal rise, but a normal level was reached at the end of 
the second hour (table 5). 

I he rcsjionse \o 1 cc. of epinephrine hydrochloride injected subcutaneously, one 
month after operation, is depicted in tabic 6. 

0*" D..ccmber 6, the patient was placed on the measured 1,800 
eaone diet on which he had gone info hypoglycemic coma at six to eight hour 
intervals prior to the removal of the adenoma. During the ensuing week no signs 
or symptoms of hypoglycemia became manifest. The daily blood sugar values 


7. MILE 5. First Postoperative Dextrose Tolerance Test 


Time 

Blood Sugar Level, 


Mg. per 100 Cc. 

Condition 

T:ij n.in 

M.O 

Fasting 

2j Gm. do.vtrosc intravenously 
7:t3 n.m 

251.0 

S:15 n.m 

179.0 


9:15 n.m 

19.3 


10:1.5 n.m 

14.1 


11:15 n.m 

C5.5 



T.\ble 6. — Postoperative Epinephrine Response 


Time 


Blood Sugar Level, 
Mg. per 100 Cc. 


S:30 a.ni 102 

1 cc. epinephrine liydrocWoride subcutaneously 


0:00 n.in 1S5 

10:00 a. in 95 

11:00 90 


Condition 

Pasting 


Table 7. — Final Dextrose Tolerance Test 


Blood Sugar Level, 

Time Mg. per 100 Cc, 

8:30 

25 Gzn. dextrose intravenously 

9:30 n.m - 

10:30 MO 

11:10 


Condition 

Pasting 


made during fasting for this week ranged from 76 to 144. At the end o 
of restricted diet the final dextrose tolerance test was made (table 7). ^ 

resents an essentially normal response and would seem to indicate that 
carbolwdrate metabolism had finally been established. H 

The patient’s convalescence was uneventful save for J^^ve hospital 

pancreatic fistula cvhich healed completely prior to his discharge rom 
r5ece„b„ 12, forty d.ys after excirio. cf the Urdapi 

remained well and symptom-free during the ten J been free from 

his release. There is no external evidence of recurrence and 
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ROSS~TOMASCH^,-1DIuVOM.-1 or pancruas 

as a slightly lobulatccl, yellowish-gray, soft tissue rcseiuhling the acinous tissue of 
the pancreas. At one place, over an area about 5 nun. in diameter, this yellowish 
tissue was absent, and through this capsule there was seen a grayish-wlutc tissue. 
On section, contained within the pancreatic tissue was a fairly circumscribed nodule 
about 1.5 cm. in diameter which was made up of a uniform grayish pink, smooth, 
moist, somewhat translucent tissue. The stroma appeared to be .scant. There was 
no well defined capsule. In places the tumor tissue blended with the pancreatic 
tissue. 

lilicroscopieally, the tumor was made up of round and polygonal cells with 
eosinophilic, faintly granular-staining cytoplasm and round vesicular nuclei with 



Fig. 1. — The round and polygonal cells of the tumor, separated by thin con- 
nective tissue septums, are shown. 

prominent nucleoli (fig. 1). The cells grew in compact masses broken up into small 
alveolar formations by thin vascular connective tissue septums. In places there 
were wide bands of fibrous tissue interspersed between these alveolar formations, 
suggesting fibrous replacement of the tumor. In several sections the tumor tissue 
reached to the free surface where it was seen infiltrating the adjacent fatty tissue. 
In some areas the tumor cells surrounded small bits of the normal acinous tissue 
of tiie pancreas. In other areas there was a suggestion of invasion of the normal 
pancreatic tissue (fig. 2). The acinous tissue and islands of the pancreatic tissue 
appeared normal (fig. 3). 

The special stains showed the tumor to be made up of uniformly staining cells, 
chiefly chromophobe, suggesting the alpha type of cell according to the Benslev 
terminology. 
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SUMMARY 

1. The history and course of a case of hypcrinsulinemia ^Yith hypo- 
glycemia secondary to a tumor involving the islands of Laugerhans has 
been presented. 

2. This case differs from the recorded cases in that tlie onset was 
apparently abrupt with complete loss of consciousness and evidence of 
external injury that caused his symptoms to he attributed to cerebral 
edema or concussion. 

3. During each of his seizures of hypoglycemia, the patient presented 
the semi-Babinski or extensor response called to our attention by Hart 
and Bond as a diagnostic aid in dift’erentiating between insulin shock 
and diabetic coma. 

4. The complete absence of hypoglycemic seizures together with 
the clinical and laboratory evidence of the establishment of a normal 
carbohydrate metabolism immediately after the excision of the small 
pancreatic nodule, is, we believe, adequate proof that this man’s 
symptoms were due to the excessive production of insulin by the tumor 
tissue. 

5. The data here presented, together with the clinical and experi- 
mental evidence cited in the previousl)' reported cases, suggest again that 
tumors arising from glandular tissue may in some instances retain the 
function of the organ or tissue from which they arose. 

6. At the present time, exploration with removal of the adenoma, if 
demonstrable, offers the best chance of clinical cure. 
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INTRODUCTION 

It is our purpose in the present paper to present data derived from 
both the experimental laboratory and the clinic, together with an analysis 
of a part of the accumulated literature, in an attempt to clarify further 
the problem of the pathogenesis of acute pancreatitis. At first glance, 
it might appear that some of the questions raised are of purely academic 
interest, but it is our hope that a careful examination of them may 
afford new avenues of approach to a better understanding of this diffi- 
cult and highly important problem. All recent writers on the subject 
are agreed in deploring the present appalling mortality associated with 
the disease, and this fact alone should stimulate interest in all the 
various factors which may operate to produce it. In a recent paper, 
von Schmieden and Sebening (1927) quoted this pertinent question, 
“Warum sterben immer noch so viele Menschen an dieser plotzlichen 
und furchtbaren Krankheit”? (Why do so many people still die of this 
sudden and fearful disease?) An extensive experimental investigation 
has been conducted, and a great many significant clinical observations 
have been made. Much has been accomplished, and a fairly adequate 
surgical treatment has been developed. Indeed, it is possible that the 
limit has been reached in the way of operative procedure, and that a 
further lowering of the excessive mortality must come from another 
direction. The fact that the pancreas is an organ indispensable to life, 
the fact that it is situated in the upper part of the abdomen in close 
proximity to the extensive celiac nerve plexus, and the fact that it is in 
a region where the absorption of toxic chemical products occurs with 
unusual facility operate to limit the scope of surgical treatment. 

While it is probable that edema and hemorrhage of the pancreatic 
parenchyma are frequent findings and may indeed represent early stages 
in the disease, it is the necrosis, sometimes limited but often extensive, 
that is the significant change. It has been clearly demonstrated by 
Archibald (1929) and confirmed by ourselves that the entrance of bile 
into the pancreatic duct may produce an immediate and intense edema, 
which later entirely subsides or in more severe cases is followed by 
cellular necrosis. This edema probably produces pain either through ten- 
sion on the delicate pancreatic capsule or through mechanical injury 
to the nerves of the neighboring sympathetic visceral plexus. The 
symptoms have been fairly clearly defined by Zoepffel (1922), Archibald 
(1929), Stetten (1930) and others. Collapse and death do not occur 
unless necrosis succeeds the edema. It is likely that the hematogenous 
infection of the pancreas seen occasionally in acute epidemic parotitis 
IS an acute pancreatitis with edema, but it is only rarely followed by 
necrosis. 

It is thus probable that while edema and hyperemia may precede 
the necrosis in most cases, they are not necessarily followed by necrosis. 
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.iiid they produce cilecLs hv a mechanism different from that by which 
iKcioM.s j.s produced 1 here is no question that the Avascular collapse, 
s.pKs of toxenna and later death arc the direct result of the neerL’s 
nt the pancTcatic parenchyma. The term acute pancreatic necrosis is 
{ (, I ]” <ihle to acute jAancreatitis or acute hemorrliagic pancreatitis. 

Jhe tundamcntal questions we may ask ourselves are these: What 
causes tile sudden extensive necrosis of the pancreas? How does a 
sudden ex'tensive necrosis oi the pancreas cause death? These questions 
are parti}- answered in the accumulated clinical literature if the data 
tan he jiiojicrh- c\-aluated and in a somewhat more precise ivay the 
direct controlled c.xpcriment. 


ETIOLOGY OF ACUTE PAiVCREATIC lYECROSIS 
Agents which naturall}- come to mind, such as direct injur}'^ from 
trauma, interlcrence with the blood suppl}^ to the pancreas through 
iujuiy, thromhosis or emholism, and infection at least by tvay of the 
blood stream as in septicemia, pyemia or lodgment of infected emboli, 
can apparent!}- account for a small minority of the total cases in Avhich 
careful study has been made. It is significant, hoivei'er, that undoubted 
cases hai'C been reported in u-hich each one of these factors has operated 
to produce an entirelj- characteristic picture of the disease. Likewise, it 
has been possible to reproduce the disease in the experimental animal 
by practical!}- any method that insures a sudden and fairl}^ extensive 
necrosis oi the pancreatic parenchyma. These facts are of great impor- 
tance when n-e come to consider the second question, namely, the cause 
of death resulting from pancreatic necrosis, but are of less significance 
in the present problem. 


COMMON CHANNEL THEORY AND OBJECTIONS TO IT 

The frequent association of acute pancreatic necrosis and biliary 
tract disease has been uniformly commented on. This prevailing opinion 
is amply supported by statistical evidence. Thus, Egdahl (1907) reported 
gallstones in 42 per cent of a series of cases of acute pancreatitis ; von 
Schmieden and Sebening (1927), in 69.8 per cent, and Eliason and 
North (1930), in 71 per cent. One can hardly doubt that a patient rvit i 
antecedent cholelithiasis and chronic cholecystitis is more liable to 
develop the disease than a normal person. It is of interest, there ore, 
to scrutinize carefully the evidence that has accumulated which may 
offer an explanation for this widely accepted and probably correct c m- 
ical obsen^ation. The theory most commonly advanced to 
this frequently noted association of acute pancreatic necrosis an 
act disease, L ao-called common charnel theoo' of Op.e. asserts W 
fte1.ee. osis is due to the passage of bile over into the paucreat.c d..c.. 
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Its possibility is absolutely dependent on an anatomic arrangement 
oi the opening ol the ducts into the diverticulum of Yatcr so that the 
lodgment of a small gallstone (Opie 1901, 1904, 1910) in the ampulla, 
a spasm of the sphincter of Oddi (Archibald 1918, 1919) or an acute 
edema of the duodenal mucosa in the region of the ampulla (]3al6 and 
Ballon, 1929) can close the natural opening of both ducts in the 
duodenum and convert them into a common continuous channel. 
The evidence on this point is somewhat conflicting. Opie (1904) 
reported that in 89 of 100 bodies examined, or 89 per cent, the common 
bile duct and the duct of Wirsung joined before tliey entered the 
duodenum at the papilla of Vater. Baldwin (1911) found that in 70 
of a series of 90 cases, or 77 per cent, the ducts anastomosed before 
emptying into the duodenum. Mann and Giordano (1923), on the other 
hand, concluded that in only 3.5 per cent of cases ^Yas the anatomic 
arrangement of the ducts such as to permit the development of a com- 
mon channel by obstruction at the papilla. Cameron and Noble (1924) 
reported that in 75 per cent of people a calculus lodged in the ampulla 
could convert both ducts into a common channel and permit a reflux 
of bile into the pancreas. Hozapfel (1930) reported that in 20 per 
cent of 50 bodies studied the ducts united and presented a common 
opening in the same papilla, whereas in 60 per cent they opened 
separately into the same papilla. 

These statistical studies were all made on normal persons. It is 
unfortunate that we have no satisfactory data with regard to the 
arrangement of the ducts in patients with acute pancreatitis. It is 
possible or probable, according to Moynihan (1925), that a higher 
percentage of these would display a common channel. The meager 
published data seem to indicate the reverse. However, it is apparent 
that many cases of acute pancreatitis in which the bile and pancreatic 
ducts empty separately and at some distance apart in the duodenum 
have been described in the literature chiefly because in the experience 
of the author they represented exceptional instances. 

The studies of Cameron and Noble (1924) were made on fresh 
cadavers, and the direct experiment of causing a small biliary calculus 
to lodge in the ampulla and then determining the patenc}^ or continuity 
of the bile and pancreatic ducts by making a cast of Wood’s metal is 
convincing and should be less subject to error in interpretation than 
dissection observations on fixed tissues. However, even if we agree 
with these authors that in a majority of patients it is anatomically 
possilfle for the lodgment of a small stone to convert the common 
In'le duct and duct of Wirsung into a common channel, it is not yet 
clear that bile will necessarily pass into the pancreas. 

Theoretically, at least, it might seem that the direction of flow 
should depend on the relative pressures developed in the duct system of 
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c..ch gland. Cons.derablc effort lias been expended to determine these 
picssures ni the cxpernncntal animal. Mann and Giordano (1923) 
concluded that the secretory pressure of bile might reach from 350 to 
. /:> mm. of bile, whereas the secretory pressure of the pancreatic juice 
did not exceed from 260 to 300 mm. of water, a finding in harmony 
u-jth the obseri-ations of I-ferring and Simpson (1909) on the anes- 
thetized dog. Granted that obstruction at the ampulla would not stop 
the secretion of cither bile or pancreatic juice, and that the duct si'stem 
uas unifoimh’ distensible throughout, this difference in pressure should 
make possible the passage of bile over into the pancreas. Considerable 
impottance (Judd, 1921; Moynihan, 1925) has been attached to the 
observation of Mann and Giordano (1923) that during vomiting the 
pressure in the biliary tract rose to 1,000 mm. of bile, and the suggestion 
has been made that through such a mechanism vomiting might be thought 
to cause pancreatic necrosis. It is, however, altogether probable that 
the general increase in intra-abdominal pressure due to the vomiting 
would be equall}’ transmitted to the jjancreatic ducts and to the biliary 
channels and no transfer of fluid would occur. Harms (1927) reported 
that during the height of digestion in unanesthetized dogs the secretory 
pressure of the pancreas is higher than that of the livei-, a finding which 
would suggest the passage of pancreatic juice over into the biliary 
channels rather than the reverse. 

In view of these convicting observations, we decided to make 
measurements of the secretory pressure of the pancreas in unanesthetized 
dogs provided with a special pancreatic fistula as illustrated in figure I. 
jMost of the previous determinations have been wade on animals under 
general anesthesia, with a cannula tied in one of the pancreatic ducts 
and with the remaining ducts either patent or ligated. Both of these 
procedures, i. e., general anesthesia and cannulation of the ducts, ha^e 
been found by Babkin greatly to decrease pancreatic secretion. In our 
preparation the ducts empty normally'^ into a closed pouch of the 
duodenum, and the experiment may be made during and following 
.the normal ingestion of food and according^ under optimum physiologic 
conditions. The following protocol represents a typical experiment of 
this type. 

Doc 732.— Feb. IS, 1931 : A special pancreatic fistula, as illustrated in figure 
1 was made in December, 1930. The condition of the animal was e.xcellent; i 
fistula was water tight, and from 600 to 900 cc. of pancreatic juice uas 
in twenty-four hours. At 1 p. m., a meal of cooked meat was given. ^ ^ 

pancreatic juice flowed freely. The cannula was then connectc 
rubber tube to a tab water manometer with an inside diameter < 

The pressure gradually rose with the secretion of pancreatic juice un i - ‘ 

™ was reached. At this time the water in the manometer v as rai.^ed 
at the height of inspiration and descended to 57 cm. during e.xpira i 



DRAGSTllirr BT AL.—PANCRBATiriS 


237 


These figures represent an average of the highest secretory pressures 
developed by this dog and are a measure of the column of water sup- 
ported by the pressure in the pancreatic-duodenal sac measured from 
the level" of the sac itself. The great variations in pressure caused by 
respiration should be noted. It is likely that vomiting would have pro- 
duced as great a rise in pressure as was observed by Mann and Giordino 
in the biliary tract. It cannot be denied that a part of the pressure may 
be due to the secretion of succus entericus in the duodenal sac, but this 
occurs so slowly as compared with secretion of the pancreatic juice that 
we estimate it to be a minor factor. More important factors are the 
general intra-abdominal pressure and that due to the motility of the sac 



Fig. 1.— Diagrammatic illustration of the type of pancreatic fistula used. The 
pancreatic ducts empty into the isolated closed segment of the upper duodenum, and 
an external fistula has been made of this pancreatic duodenal pouch with a special 
gold plated cannula. 

itself. For these reasons, it seems likely that the lower figure (57 cm. 
of water) obtained after an hour of secretion represents the secretory 
pressure of the gland, while the higher figures are due to extraneous 
factors. 

It will be noted that this pressure is higher than that obtained by 
Mann and Giordano (1923) for the secretory pressure of bile, and sup- 
ports the observation of Harms (1927). It seems to us, however that 
these pressures are not the factors which alone determine the direction 
of (low when the duct systems of the liver and pancreas are converted 
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nlo a common chaniic-1. Of greater importance is probably the patency 
of the accessorv j>ancreatic dnet of Santorini, and the freedom of 
anastomoses between it and the hra.ichcs of the duct of Wirsung within 
the gland. Granted a free anastomosis between the ducts and a patent 
duct of Santorini, obstniction at the ampulla might readily reverse the 
flow in the duct of \^'irsung^ The secretory pressure of the pancreas 
would, under these conditions, be ineffectual, and bile might readily pass 
o\ci into the duct of Wirsung, through the anastomosing channels, and 
eventually reach the duodenum by way of the duct of Santorini. In 
cases in which the duct of Santorini is not open or in which there are 
insu/Iicicnt anastomoses between the branches of the pancreatic ducts, 
we should expect from our measurements and those of Harms (1927) 
to find pancreatic juice passing over into the biliary channels in the 
e^'ent of the production of a common channel at the ampulla. In an 
e.xamination of /6 specimens of adult human pancreases, Baldwin (1911) 


found a demonstrable anastomosis between the main and accessory pan- 
creatic ducts within the gland in 66 cases, or 87 per cent. Opie (1904) 
concluded that such an anastomosis was present in nine tenths of all 
cases, although in maim of these the union was effected by such a 
minute branch that one duct could not act as an outlet for the secretion 
of the other. If these conclusions are valid, one can readily understand 
the passage of bile over into the pancreatic ducts in the majority of 
patients in whom a common channel is established, whereas in the 
mmority pancreatic juice may pass over into the biliarjr channels and 
possibly excite the series of pathologic changes obtained by Wolfer 
(1931) in the experimental animal. The cases in which pancreatic 
juice has been found to pass over into the common bile duct or gall- 
bladder and escape in large quantities from a drainage tube placed in 
the gallbladder or common bile duct after choledochostomy for stone 
are instructive in this connection. Walters and Marshall (1930) cited 
a number of such cases and reviewed the literature. It is possible that 
these instances represent cases in which a common channel has been 
established and the direction of Aoav of the secretion determined by the 
reduction of pressure in the biliary channels artificially produced by the 
drainage tube. Conversely, it may be argued that a reduction of pres- 
sure in the pancreatic ducts occasioned by the anastomoses between the 
ducts of ’iVirsung and Santorini might be expected to facilitate the Bow 

of bile over into the pancreas. _ 

Several attempts have been made in the experimental animal o 
determine the direction of Bow of bile rvhen a common channel has been 
purposely produced. Mann and Giordano (1923) found that in tie 
o-oat under these conditions bile passed readily over into the pancreas, 
an observation that we have recently confirmed. Wangensteen, Leven 
and jManson (1931) produced a common channel in cats and securcfl 
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passage of bile over into the pancreas, particularly after the animals 
had been given a meal of fat, an obscvvatioii which suggests that in 
this animal at least contraction of the gallbladder may be a real factor 
in determining the biliary' pressure. In the dog, the major })aiicieatic 
duct empties into the duodenum at a considerable distance from the 
orihee of the common bile duct, and probal)ly for this reason few 
attempts have been made to determine the effect of producing a common 
channel in this animal. We tried to produce such a condition in two 
dogs by making an anastomosis between the distal ends of the two 
ducts by means of sutures but failed to secure a patent channel. In 8 dogs 
a common channel was effected by means of a catheter tied securely into 
the ends of the common bile duct and major pancreatic duct, respective!)'. 
Five of these dogs died in from twenty-two to one hundred and thirty- 
two hours. Autopsy revealed a generalized peritonitis due to the escape 
of bile from loosening of the ligature about the bile duct (Andrews, 
Rewbridge and Hrdina, 1931). In no case was there evidence of bile 
within the pancreatic ducts. The remaining 3 dogs were killed after 
thirty-six, fifty-one and fifty-three days, respectively. In 2 of these 
the bile duct had become reestablished, while in the third it was 
completely obstructed. The pancreas rvas normal and entirely free from 
bile. Wolfer (1931), how’ever, rvas more successful in experiments 
of a similar nature performed before those previously detailed were 
undertaken, and his results seem to indicate that when a common channel 
is experimentally produced in the dog by intubation of the respective 
ducts, pancreatic juice usually passes over into the biliaiy ducts rather 
than the reverse. The frequency of intraglandular anastomoses between 
the major and minor pancreatic ducts in the dog is not definitely 
established. In a few observations we were unable to demonstrate such 
anastomoses by injecting india ink into the major duct under con- 
siderable pressure. The region supplied by the minor duct did not become 
discolored. As previously noted, it is probable that this absence of 
anastomoses is significant in determining the direction of bile flow. 

Direct evidence with i-espect to the direction of flow of the secretions 
in man is practically limited to autopsy observ'ations in cases in which 
a gallstone has become impacted in the ampulla and a common channel 
established. To date, the published data indicate that under these 
conditions bile passes into the pancreatic ducts (Thayer, 1889; Opie, 
1901; Fuchs, 1902; Bunting, 1906; Deaver, 1915; Rosenbach, 1918; 
Guleke, 1924 ; Grant, 1928) . In these cases the staining of the pancreatic 
dvicts by the bile pigment was responsible for the obserr-ation. Unfor- 
tunately, it is more or less difficult to test for the presence of pancreatic 
juice in the content of the biliary tract, and doubtless for this reason 
there is little or no evidence of its occurrence. The impaction of a 
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..illMonc HI the mupuUa without evidence of pancreatitis has been 
jepea cell)- observed at operatic, In cases in which recovery has bl- 
ow eel lenioval of the stone, it is not possible to say whether or not a 
common channel existed. 


,c convei-sion of the bile and pancreatic ducts into a common 
channel in the cases in v-hich it is anatomically possible (in 75 per cent 
of cases in man according to Came,-on and Noble, 1924) is most readily 
inidcstood when a small gallstone has become impacted in the orifice 
of the ampulla. A difficult}'’ arises, however, when we come to surve}' 
the Jitciatmc dealing with the occiuTcnce of such impacted calculi in 
cases of acute panci’catic necrosis. In a series of 437 cases collected 
b} Gtilcke (1924), a calculus obstructing the ampulla was found in 
only 1.4 per cent, and in the larger series of 1,278 cases suiweyed by von 
Schmieden and Sebening (1927) a gallstone at the ampulla was recorded 
in only 4.4 per cent. It is accordingly evident that the production of a 
common channel in the nianner postulated by Opie’s theory has occurred 
in only a small number of instances in which acute pancreatitis has 
developed, even if we make a reasonable allowance for errors at autopsy 
or for passage of the stone into the duodenum or backward into the 
common duct, possibilities recognized by Thayer (1889) many years ago. 

A possible solution for this difficulty may be found in the work of 
Archibald and Brow (1918) and Grant (1928), and in the observations 
of Bald and Ballon (1929). The former investigatoi-s raised the ques- 
tion as to the possibility of a spasm of the sphincter of Oddi converting 
the ducts in question into a common channel, and submitted evidence 
obtained for the most part from expeidments on lower animals under 
anesthesia which the}^ interpreted as supporting this view. In somewhat 
similar experiments, Wangensteen and his associates (1931) were unable 
to confirm these findings and stated that the}'’ wei'e entirely unable to get 
regurgitation of bile into the pancreatic ducts of cats without organic 
obstruction at the ampulla. Mann and Giordano (1923) wei'e likewise 
reluctant to admit the major postulates of Archibald’s theory on the 
basis of insufficient direct evidence and their experience with the lowei 
animals. These criticisms are to the point, but they do not, in oiir 
opinion, necessitate abandoning the view altogether, particular!}' since 
it is possible that the human biliary tract in the presence of a chronic 
infection may display disturbances in motility not readily icprodnce 
in the lower animal. There is considerable clinical evidence that car( lo 
spasm and pylorospasm (of a degree not reproducible in animals nn cr 
o-eneral anesthesia) are not infrequently seen in patients wiy 
gallbladder disease, and it seems consequently reasonable that lyp - 
motility or spasm might likewise exist in the biliary tract itse 
least so far as its musculature is not destroyed. 



DRAGSTEDT ET AL.— PAS GREAT IT IS 


241 


Balo and Ballon (1929) snbniiltcd evidence indicating lliat swelling 
ot the papilla duodcnalis major in simple catarrhal jaundice may obstruct 
the pancreatic duct and lead to the retention of pancreatic juice. The 
possibility that a similar swelling may exist in some cases of chronic 
biliary tract disease and if sufilciently peripheral may produce a common 
channel might well he considered by those engaged in postmortem exami- 
nations and ellort bent to obtain autopsies immediately after death in 
cases of acute pancreatic necrosis for definite evidence. The importance 
of the common channel and of the bile factor in acute pancreatitis in 
man can he determined only h}' such careful postmortem examination 
and by chemical tests with respect to the presence of biliary constituents 
in the ducts or substance of the necrotic pancreas. 

REL.-\TIOX OF BILE TO ACUTE PANCREATIC NECROSIS 

The common channel theoiy as an explanation for the frequent asso- 
ciation of chronic gallbladder disease and acute pancreatic necrosis has 
been brought into question by the discoveiy of cases in which both dis- 
eases have been present and in which the orifices of the common bile duct 
and the pancreatic duct have been found so far apart in the duodenum 
that a common channel could not have been formed. Such instances 
have been reported by Johnstone (1907, 4 cases) and Dardinski (1931, 
2 cases) and doubtless many others. These findings, we believe should 
not be interpreted as disproving the truth of Opie’s theory, since they 
prove only that it is insufficient to e.xplain these particular cases. It 
becomes, however, necessary to search for other possibilities of exten- 
sion to the pancreas from a diseased gallbladder. In this connection 
It should be recalled that acute pancreatic necrosis has occurred in 
persons with no disease of the biliary tract, the exciting agents having 
been hematogenous infection, thrombosis or embolism, trauma or other 
factors. It is not improbable that these factors have occasionally pro- 
duced acute pancreatic necrosis in patients with gallstones without 
theie being any relation between the two diseases. Such cases would 
obviousl}^ be confusing. 

An alternative to the common channel theory, which conforms with 
^le observed increased incidence of acute pancreatitis in patients with 
feRlbladder disease, asserts that the former disturbance has its origin 
t irough the extension of infection from the wall of the gallbladder to 
t le panel cas by way of the lymphatics. It has been supported by the 
(1908). Deaver and Sweet (1921), Deaver and 
re (1921), Graham (1922) and Judd (1921). The beneficial 
^esn ts obtained in many cases of acute pancreatitis by cholecystectomy 
b^'^ ’summon duct drainage without direct attack on the pancreas have 
t lought to support this view. This hardly follows, since drainage 
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o the common duel would reduce the biliary pressure and, in the event 
A umw, on clianuel stop the further passage of bile into the pancreas 
otn ui.ike possible a (Irainage of the pancreatic ducts. A serious 
o ijee ion to tile lymphatic extension theory is found in the complete 
allure to secure jiancreatic necrosis in experimentally produced acute 
hacterial cholecystitis in animals (Kaufmann, 1927) and its rare occtir- 
lence in acute infections of the gallbladder in man. Both Grant (1928) 
and Wangensteen (1931) called attention to the relative safety of the 
nonoperativc treatment of acute cholecystitis, and remarked that if 
lymphatic extension were a prominent factor it should occur in these 
acute cases more commonly than in the chronic infections. The validity 
of the theoiy and the proportion of cases of acute pancreatitis in which 
It accounts for the pathogenesis can be determined only by adequate 
bactcriologic examination at the operating table or in the postmortem 
room. Cultures of the bile, of the wail of the gallbladder, of the pan- 
creas, and of the inteiu'ening tissues and lymph glands should be instruc- 
tive. lo our knowledge such studies have not been made. 

The problem seems to resolve itself somewhat as follows; It is 
probable that approximatel3f 60 per cent of the cases of acute pancreatic 
necrosis in man arise in patients with antecedent chronic disease of the 
bile tract. On the basis of the statistical information available, it is 
likely that in 10 per cent of these a common channel developed as the 
result of the impaction of a gallstone in the ampulla, and bile passed 
over into the pancreas. For the remaining 50 per cent comprised in this 
group, ^ve must assume that a common channel de^'eloped as a result 
of spasm or swelling of the sphincter of Oddi, or else that bile plaj'ed 
no direct role in the cause of the necrosis. If we assume that a 
common channel developed in the large majority of these as a result 
of abnormal motility of the sphincter, then the bile factor becomes of 
great importance in the pathogenesis of acute pancreatitis. If we adopt 
the reverse view, then we must account for the high incidence of pan- 
creatitis in patients with gallstones on some other basis, presumablj' the 
extension of infection. As will be seen later, it has been amply demon 
strated that the passage of bile over into the pancreatic ducts can pro 
duce acute pancreatic necrosis in animals, wdiereas it has^ been^ i icu 
or impossible to produce it by any type of experimental infection. 

NONBIOrARY CAUSES OF ACUTE PANCREATIC NECROSIS 

There remains, howei'cr, a group of cases, approximate!} one tln’r 
of the total, in which no evidence of gallbladder disease has iccn oi 
This group, together with the few cases discussed before in v nc 
bile and pancreatic ducts were found to empty separate } in 
duodenum, proves that a fatal pancreatic necrosis can 
pendent of bile. The occurrence of typical cases of acute i • 
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necrosis as a result of hematogenous infection of the pancreas is clearly 
indicated in the literature. Egdahl (1907), in a review of 105 cases 
of acute pancreatitis, cited 11 as a complication of mumps, 2 as occur- 
ring with typhoid fever, 2 with appendicitis, 1 with boils, 1 with 
malaria, 1 with syphilis, and 1 with pulmonary tuberculosis. j\'IcCrae 
(1925) reported acute pancreatitis as a complication of typhoid fever, 
scarlet fever, diphtheria and smallpox. The literature, mostly French, 
dealing with the incidence of acute pancreatitis as a complication of' 
mumps, has been reviewed by Brahdy and Scheffer (1931). In 171 of 
7,054 cases of mumps, the diagnosis of acute pancreatitis was made. In 
many of these cases the pancreatitis was mild, and it is likely that a con- 
siderable error in diagnosis must be allowed. Nevertheless, the statistics 
establish the fact that acute pancreatic necrosis may, under appropriate 
conditions, arise as a result of hematogenous infection. It is equally 
well established that trauma alone may cause typical pancreatic necrosis. 
Such cases have been reported by Lattes (1913) and by Holmes (1922). 
Katz and Winkler (1898) produced the disease in dogs by means of 
mass ligatui'e of the blood supply and ducts and gross injury to the 
parenchyma, a result repeatedly confirmed by later workers. The 
theory that acute pancreatic necrosis may be produced by vascular 
injury, notably embolism or thrombosis, as advanced by Gilbert, Lepine 
and others is supported by the occasional occurrence of such cases in 
the clinic (Egdahl, 1907, 2 cases). The disease is, however, not readily 
produced in the lower animal by the ligation of the blood supply to the 
pancreas (Guleke, 1904, and our own experiments). 

MECHANISM OF PRODUCTION OF ACUTE 
PANCREATIC NECROSIS 

We have considered thus far the possible production of acute pan- 
creatic necrosis in man by the introduction of bile into the pancreatic 
ducts, the extension of infection to the pancreas by way of the lymph- 
atics, ducts or blood stream, direct trauma and vascular injury. Accord- 
ing to the view of many students of this problem, all of these factors 
liring about the ultimate necrosis of the pancreas in the same manner. 
It is assumed that they cause the activation of the powerful proteolytic 
enzyme trypsin while it is still within the pancreatic substance or its 
ducts, and that the active trypsin then digests away the living pancreas. 
Sweet (1915) stated this view in dramatic fashion as follows; “There 
IS, however, abundant evidence that this activation of pancreatic Juice 
is not only what ‘leads to autolysis of the cells,’ but it is Just this 
activated pancreatic juice which is responsible for the entire picture, 
canvas and frame, glass and signature, of this most acute and terrible 
intoxication, the whole secret of acute pancreatitis.” 
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iMlc c,,tisc of Ihc ijianci necrosis is the activation of the pancreatic juice 
hv some agent or other, witliin llie substance of the gland.” 


DOKS IXTKAGr.Aa\DL-LAR ACTIVATION OF TRVPSIN CAUSE ACUTE 

PANCREATIC NECROSIS? 


TionV' '"'^ ciciiionstratcd man}- 3'ears ago by Pavlov, Bajdiss and Starling 
(U 04 ) and others that the proteol3-tic enzyme of the pancreatic juice 
is secreted in an inactive form called tr3^psinogen, and that the pure 
juice in the duct S3'’Stcin of the pancreas has no digestant effect on pro- 
tein. Chcpoi’alnikov ( 1 S 99 ) showed that when this juice comes into 
contact with a substance, enterokinase, present in the secretion of the 
duodenal or jejunal nnicosa, the trypsinogen becomes converted into 
the cxceedingh' active proteoh'tic ferment trypsin. Subsequent work 
h3' man3' iiivestigators has demonstrated that a wide variet3f of sub- 
stances in addition to enterokinase 11133'^ activate tr3'psinogen, and indeed 
that it becomes active on long standing without the addition of extrane- 
ous material. The suggestion that this powerful proteol3dic ferment is 
manufactured in an inactive form because otherwise , it would cause the 
immediate digestion of the cell that made it is quite attractive, and it 
follows that its activation after the pancreatic secretion reaches the 
lumen of the intestine is innocuous because of a special property of the 
intestinal mucosa to resist digestion. A somewhat similar argument 
has been advanced to account for the normal failure of the stomach to 
digest itself. One may assume then, and this assumption lias been gen- 
erall3^ made, that an actii^ation of the tr3^psinogen in the pancreatic 
juice while it is still present in the duct s)’stem of the pancreas or in 
the secreting cells would result in the widespread self-digestion of the 
gland. Such a mechanism has appeared necessaiy to account for the 
great predominance of acute necrosis of the pancreas in comparison 


with other organs. 

In this connection, it should be recalled that the cell lueinbianes 
appear to be largety composed of lipoids rather than proteins, and h 
rvould appear more reasonable to expect destructive effects fioni at 
splitting enzymes than from those that digest proteins.^ 

In such theories, moreover, there appears to be a misconception 0 
the properties of enzymes. Apparent^' many writers regard the pro 
teolytic enzymes, pepsin and tr3'psin, as corrosive chemical su 
capable not only of producing a more or less complete 
the protein molecule but of attacking living cells themse yes. ^ 
no evidence for such a idew. Our knowledge in the lug 1 3 ' 

field of enzyme chemistry is still very limited, but at t le 
most investigators seem to be agreed that the ‘ 

compounds, probably protein in nature, manufactured Dr 
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They are true catalysts in that they can only accelerate a reaction which 
otherwise would take place slowly, while they cannot start a reaction 
which otherwise would not occur. They may be compared with such 
an inorganic catalyst as spongy platinum which, when introduced into 
a mixture of oxygen and hydrogen, greatly increases the speed of com- 
bination of these elements, a reaction, however, already going on in the 
absence of the platinum. The proteolytic ferments merely increase the 
rate of hydrolysis of proteins produced either by a dilute acid of gastric 
juice or by the dilute alkali of the pancreatic secretion. The problem 
of the resistance of living tissues to either gastric or pancreatic diges- 
tion is primarily one of resistance to the toxic effect of dilute acid or 
alkali on protoplasm. 

We have fairly direct evidence that this is the case with gastric 
juice. Claude Bernard (1859) reported that the leg of a living frog 
would be digested away if introduced into the stomach of a dog by 
way of a gastric fistula. In 1924, Vaughn and one of us (L. R. D.) 
found that the legs of living frogs would be similarly digested away if 
immersed in test tubes containing pui-e gastric juice obtained from a 
'IPavlov pouch in a dog. In some recent unpublished experiments, 
Matthews and one of us (L. R. D.) determined that this digestion is 
proportional to the concentration of free hydrochloric acid in the gastric 
juice and is little affected by the concentration of active pepsin. Thus, 
when the concentration of free hydrochloric acid in the juice was 
reduced below 0.15 per cent, no digestion of the exposed leg occurred, 
even though the pepsin concentration was 600 units. Conversely, vig- 
orous digestion took place with a gastric juice of 0.45 per cent hydro- 
chloric acid and only 20 units of pepsin. 

The assumption that active pancreatic juice can digest living tissues 
finds its best support in the common observation that the discharges 
from high intestinal fistula usually cause extensive corrosion of the 
surrounding skin. Rosenbach (1911) reported hemorrhages in the 
tongue of a frog produced by the local injection of a solution containing 
apparently some active trypsin. The discovei-y that active pepsin was 
innocuous to living tissue suggested that a similar trial be made with 
tiypsin. To our considerable surprise, however, the highly proteolytic 
pancreatic juice obtained from a fistula as illustrated in figure 1 had no 
digestant effect on the legs of living frogs. In a series of experiments, 
the hindlegs of living frogs were immersed in dog pancreatic juice con- 
taining a trypsin concentration in some cases as high as 1,000 units per 
cubic centimeter for as long as twei^-four hours without showing any 
gross evidence of digestion. Control experiments with pure gastric juice 
under the same conditions produced complete digestion of the skin and 
underlying muscles in from four to six hours. It would appear that 
active trypsin is just as powerless to attack living tissue as i.s active 
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arW in purc g.isiric jXI ^ee hydrochloric 

oniJ'.ri cH,?' ^■•"■Pariinents yield data concen.iag the resicfance 

onl ,f .1 fasca and ,m, ado to the digestaat action of active trypsin. 
Jn the follou-nig experiments an attempt was made to determine the 
csis ante ot the pancreas itself to such digestion. In 1924, Vaughn 
and one 01 us (L. R. D.) studied the resistance of various tissues to 
gastric digestion by implanting such organs as the spleen, kidney and 
intestinal nuicosa into artificial defects made in the wall of the stomach 
in (io,^s. i hc} ohsened that so long as the blood supply of the implant 
remained normal it was not digested away by the gastric content. In the 
piescnt e.xpei iments, operations were performed on large, healthy dogs 
under gencial anesthesia and with strict aseptic precautions. A window 
iippro.ximately 2 h}' 5 cm. was made in the anterior wall of the 
duodenum about 5 cm. distal to the entrance of the lower pancreatic 
duct. 1 he portion of the pancreas lying free in the adjacent duodenal 
mesentci'y was then carefully turned over and stitched into the defect 
in the duodenum (fig. 2). Great care was observed not to interfere with 
the blood supply to the pancreas in any of the manipulations. The 
procedure was b}' no means as difficult as anticipated. Pancreatic juice 
entering the duodenum and becoming activated on passing over the 
duodenal mucosa had then free access to the pancreas implant. It was 
appreciated, of course, that the capsule of the pancreas rather than the 
parench 3 mia ivould first come into contact noth the active trypsin. 
When it was shortly found that this did not result in necrosis or diges- 
tion of the exposed pancreas, similar implants from which the capsule 
had been first removed and the parenchjuna bared by deep grooves were 
exposed to the digestant action of the duodenal secretions. In neither 
case did digestion of the pancreas occur, although it was left e.xposcd 
for periods of from several days to three months. In the latter case 
the duodenal mucosa had regenerated and more or less completely cov- 
ered the defect. In three experiments the pancreas was implanted into 
a windo^v made in the anterior wall of the stomach. The results here 
substantiate those found by Vaughn and one of us (L. R. D.) with 
the spleen and kidney. The exposed pancreatic parench)-ma was not 
digested away by the gastric content, ilicroscopic sections displa.ving 
areas of the pancreas e.xposed to the digestant action of duodenal awl 
gastric content respectively are sliown m figures 3, 4, 5 and^ . 

It seems dear that in the dog at least the active proteolytic 
oresent in the gastric or duodenal content are entiiey I’*’** ^ ^ ■ 

Tout necrosis or digesrion of the living pnnereav. A dnpl.«oon « 
this e-xperimental procedure is not infrequently observed in mai 

floor of a large perforating gastric or duodenal ulcer is found to 



Fig. 3 (dog 272). — Section showing the pancreas implant in a window made in 
the anterior wall of the duodenum. Although e.xposed to the duodenal contents 
lor eight days, there has been no digestion or evidence of necrosis of the pancreas. 
Regenerating duodenal eiiithelium may he seen extending from each side and 
partially covering the pancreas. 


tlw nnf'pr; showing the pancreas implant in a window made in 

1 . 1 "’^ duodenum. Although exposed to the duodenal content for 

se\en days there has been no digestion or evidence of necrosis of the pancreas. 



Fig. 5 (dog lOS ). — High power magnification of the section shown in 
The regenerating duodenal epithelium is clearly seen, as well as the .tFoc...- 


evidence of digestion or necrosis of the pancreas implant. 
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consist partly or entirely of the pancreas. In the f^reat majority of 
these cases digestion and necrosis of the ex])oscd ])ancrcas have not 
occurred. Exceptional instances in which an acute pancreatic necrosis 
has arisen as a result of a perforating gastric or duodenal nicer have 
been reported hy Bartels (1909) and Broerj (1919). Pearce (1904) 
reported a case in which a sinus from the stomach permitted intimate 
contact of the gastric juice with the pancreatic parenchyma, but it failed 
to cause acute pancreatitis. 



F'S- 6 (dog 734). — Section showing the pancreas implant in a window made in 
the anterior wall of the stomach. Although exposed to the gastric content for 
forty days, there has been no evidence of digestion or necrosis of the pancreas. 
The regenerating gastric mucosa has completely covered the implant. 

The experiments with the pancreas implants in the duodenum and 
stomach and the instances in which a perforating ulcer has laid bare 
the underlying pancreas are subject to the criticism that in these cases 
die pancreas has been exposed, not to pure active pancreatic juice, but 
to the gastric or duodenal content. In the latter case it is likely that 
t le alKalinit}' of the pancreatic juice has been partially reduced or neu- 
ized by the acid of the gastric secretion and the activit}' of the tr 3 ’ptic 
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])rotcmasc rcchiccd^ by the accuinulation of end-products of trj^ptic 
c ion lhat this criticism is valid was recently illustrated in some 
niij)ublishccl cxpernnents of Matthews and one of us (L. R. D.). 
Organs such as the spleen and kidney, which are unaffected by exposure 
to the pstric content, are digested away if implanted in the wall of a 
large 1 avlov jDouch, where they come into contact with pure gastric 
jnicc. In the following experiments an attempt was made to determine 
the cfiect of exposing the Jiving pancreas of a dog to the digestant 
action of pure activated pancreatic juice. Animals were anesthetized 
bt the Dial administration of barbital, and the pancreas was exposed 
by a light lectiis incision. Tlie portion of the pancreas lying free in 
the duodenal mesenter}'^ was isolated ligating and dividing a few 
small A-eins. Pure actir^e pancreatic juice was secured from a fistula 
in a dog as illustrated in figure 1. About 50 cc. of this highly proteo- 
l 3 'tic secretion was placed in a small beaker, and this was then introduced 
into the abdominal cavity in such a way that the isolated portion of the 
pancreas could be entirely immersed in the pancreatic juice. The 
omentum and other Auscera around the beaker kept the pancreatic juice 
at approximate!}" bod}" temperature. Three experiments of this type 
A\"ere performed. The animals A\"ere kept under complete anesthesia on 
the operating table until the conclusion of the experiment, Avhen they 
AA"ere killed. Although continuously bathed in pancreatic juice for fiA'e, 
six and seA"en hours, respectiA"eI}", in no case did the exposed area of 
pancreas shoAV any evidence of digestion or necrosis in eitlier gross or 
microscopic examination. These are short periods no doubt, but if the 
juice AA"ere markedly . destructiA"e, it AA"ould seem probable that some 
evidence should appear in this time. 

We are AA"elI aAA"are that in all of these trials the outer portion of 
the pancreatic acinus Avas exposed to tryptic digestion, Avhereas the 
theory postulates that it is the pancreatic juice Avithin the ducts that, on 
activation, attacks the parenchyma. It is difficult to see hoAv this could 
make any material difference. Many investigators have studied the 
effect of actiA"e trypsin Avithin the pancreatic ducts either by the intra- 
ductal injection of actwe pancreatic juice, actiA"e trypsin solutions or 
substances such as succus entericus which have the property of acthat- 
ing trypsinogen. Roger and Gamier (1905, 1910), Falloise (1905), 
Carnot (1908) and Polya (1912) reported that the injection of active 
pancreatic juice into the pancreatic ducts of dogs produced a fatal pan 
creatic necrosis. According to Polya, actiA'C trypsin (a commercia 
preparation) AA"as more effectiA'c in producing such necrosis than an} 
other substance tried. When inactivated by heat, u Avas Avithout c cc . 
Williams and Busch (1907) and Mann and Giordano 
many of these experiments on the basis that the amount of ^uk^ 


AA"as 


usually so large as to distend the finer ducts to the point o rup a 
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or to injure the tissue from simple meclianical (lislention. In an attempt 
to control this point, we made experiments with 3 healthy dogs each 
weighing apj)roximatcly 7 Ivg. The lower pancreatic duct in each case 
was isolated, and 3 cc. of active pancreatic juice obtained from a fistula, 
as illustrated in figure 1, was injected into the duct toward the gland 
and the duct suhse(|uentl\' severed from the duodenum and ligated. The 
juice used was j^rcviously determined to have a trypsin concentration 
of approximately 1,000 units per cubic centimeter. Studies were made 
of the nonprotein nitrogen, sugar and chlorides of the blood both before 
and after the injections. During the first t\vent 3 '-four hours, the 
animals were considerabh' depressed, but no vomiting occurred. They 
soon regained their normal state. "J'licre were no significant alterations 
in the blood chemistry. All the dogs were electrocuted after fifteen 
days and the pancreases carefully c.xamined. No gross or microscopic 
evidence of pancreatitis and no areas of fat necrosis were found. 

The literature dealing with attempts to produce acute pancreatitis 
by the injection of substances that might be c.xpected to activate intra- 
glandular tr 3 'psinogen is conflicting, and no one seems to have been 
very successful in producing such an acute necrosis. Eppinger (1905- 
1906) and Polj'a (1906) reported a few rather inconclusive experi- 
ments. Williams and Busch (1907) injected from 0.5 to 8 cc. of 
duodenal contents into the pancreatic ducts of dogs and cats. Acute 
pancreatitis developed in 30 per cent of these, the outcome in 2 cases 
being fatal. They concluded that the large amount of fluid injected 
ruptured the finer pancreatic ducts, for in control experiments in which 
similar amounts of fluid containing lampblack were injected, some of 
the particles were found free in the tissues. They then prepared emul- 
sions of duodenal mucosa, sterilized by Berkefeld filtration, and injected 
small amounts (from 2 to 2.5 cc.) into the pancreatic ducts of 6 cats 
at the height of digestion, with no cases of acute pancreatitis resulting. 
Starling (quoted by Eve, 1915) similarly failed to produce acute pan- 
creatitis by injecting succus entericus, sterilized by Berkefeld filtration, 
into the pancreatic ducts of dogs. Seemingly at variance with this expe- 
iience in the laboratory have been the cases of acute pancreatitis in man 
in rvhich the necrosis was limited to the portions of the gland drained bj' 
Santorini (Bassett, 1907; Johnstone, 1907; Opie and 
ea<ins, 1909, and Simkins, 1931). These observations suggest that 
iiit agent was some material (duodenal contents) introduced 

wlV 1 the duct. In the same category belong those cases in 

^ I acute pancreatitis followed wide dilatation of the ducts in 
carcinoma of the ampulla or in which an Ascaris was found 
entrance (von Schmieden and Sebening, 1927). Grant 
called attention to the fact that the entrance of the duct of 
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Sc jtoum IS not protected by a sphincter, and suggested that violent 
\oniiting may force succus entcricus from the duodenum into the duct. 
I Ins seems improbable since in that case we should have to assume that 
the genercal increase in intra-abdominal pressure during vomiting would 
be transmitted to the duodenum and not to the equally distensible pan- 
creatic ducts. The motility of the duodenum itself is probably more 
elective. In this connection it should be recalled that Pearce (1904) 
demonstrated long ago that under normal conditions it is practically 
impossible to force colored liquids from the intestine of the dog into the 
bile or pancreatic ducts. Seidel (1910) produced a closed segment of 
the first part of the duodenum (the portion receiving the ducts) in dogs, 
and stated that the animals died in forty-eight hours with extreme hemor- 
rhagic necrosis of the pancreas, presumably as a result of the entrance 
of material from the loop into the pancreatic ducts. It should be noted, 
however, that the production of a similar closed segment of the duo- 
denum below the ducts will also cause death in forty-eight hours with 
extreme splanchnic engorgement (Whipple, Stone and Bernheim, 1913; 
Moorhead, Burcky and one of us [L. R. D.] 1917), and it seems prob- 
able to us that Seidel has confused this picture with acute pancreatitis. 
Wilkie (1921) reported a case of acute pancreatitis in a patient with 
duodenal dilatation, and Duval, Roux and Beclere (1928) emphasized 
the possibility of duodenal stasis causing a regurgitation into the duct of 
Santorini. Robson (1904) recognized long ago the potential danger 
of the damming bade of infected pancreatic juice as a result of obstruc- 
tion by a stone in the ampulla, a view elaborated by Nordmann (1913). 
Indeed, we may probably correctly assume that stasis of pancreatic 
juice within the dilated ducts from obstruction of any cause would in 
some instances be shortly follorved by proliferation of bacteria in the 
stagnant secretion. Intestinal bacteria grow readily in pure pancreatic 
juice. The increased pressure within the ducts due to continued secre- 
tion and bacterial growth might well injure the walls of the duct b) 
distention, a condition no doubt aggravated by the local toxic action 
of the bacteria or their products. Eve (1915) suggested that the ac 
teria play a double role: They injure the pancreatic cells by their 
toxins, and by their proteolytic ferments they activate the pancreatic 
juice, which in turn digests the damaged tissue. He quoted H. i ■ 
Vernon to the effect that various intestinal bacteria, particular y ^ • co • 
secrete powerful proteolytic ferments which can j 

entirely independent of enterokinase, a view shared by 
Quolley. In most cases, however, a stagnation o ^ 

within the ducts as a result of ligature or other obstruction produ ■ 


only a 


radual atrophy of the parench3'ma leaving the islet tissii 
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MECHANISM OF PRODUCTION OF PANCREATIC NECROSIS BY BILE 

Claude Bernard (1856) is usually credited with being the first to 
produce acute pancreatitis by the injection of bile. He introduced a 
mixture of one part of olive oil to two parts of bile into the larger 
pancreatic duct of a dog and undoubtedly secured a typical and fatal 
pancreatitis. Subsequent work by a great number of investigators 
demonstrated that the injection of 5 cc. or more of gallbladder bile into 
the pancreatic duct and subsequent ligation will produce a fatal pan- 
creatitic necrosis in the majority of instances (Opie, 1901 ; Flexner and 
Pearce, 1901; Hewlett, 1904; Guleke, 1904; Polya, 1912, and Nord- 
mann, 1913). The often repeated suggestion that the bile activates the 
trypsinogen in the duct system of the pancreas and causes necrosis in 
this way is probably erroneous. There is little conclusive evidence that 
bile activates trypsinogen, and there is no doubt about the fact that 
gallbladder bile produces acute pancreatitis with far greater regularity 
than succus entericus which contains enterokinase, the specific activator 
of the tryptic proteinase. It is more probable that the well known 
cytolytic and necrotizing properties of bile are directly responsible. It 
has been amply demonstrated that a wide variety of chemicals will 
produce pancreatic necrosis if injected into the ducts. For the most 
part, these have in common only the property of being locally destruc- 
tive to protoplasm. The following substances have been tried and 
found effective: olive oil (from 5 to 8 cc. — Hess, 1903; Hewlett, 1904; 
Guleke, 1904, 1905, 1906, 1908; Eppinger, 1905), hydrochloric acid 
(5 cc. of 0.5 to 2 per cent solution — Flexner and Pearce, 1901 ; Hewlett, 
1904), sulphuric acid (Flexner and Pearce, 1901), nitric acid (Flexner 
and Pearce, 1901), formaldehyde (Flexner and Pearce, 1901), zinc 
chloride (Lattes, 1913), chromic acid (Lattes, 1913) and calcium 
chloride (Binet and Brocq, 1920). It is probable that olive oil owes 
its activity to the liberation of highly irritating fatty acids and the 
formation of toxic soaps. Hess (1903) produced pancreatic necrosis 
by injecting from 5 to 7 cc. of oleic acid into the pancreatic ducts, 
and Trevor (1904) secured a similar result with a mixture of oleic 
acid and 4 per cent sodium soap solution. Sailer and Speese (1908) 
suggested that this great variety of substances that cause pancreatic 
necrosis on injection into the ducts is proof that it is mechanical dis- 
tention of the pancreatic tissue that is the destructive agent. This 
objection does not appear to be valid in view of the many reports that 
the injection of equal amounts of bland substances does not produce 
necrosis. The following substances have been injected into the ducts 
without harmful effect: blood (Flexner and Pearce, 1901 ; Guleke, 1904- 
1908), blood scrum (Flexner and Pearce, 1901), glycerin fHess 19031 
paramn (Hess, 1903), agar-agar (Lattes, 1^3) and starch’ hI^ss’ 
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A fairly^ extensive literature exists with respect to the local and 
n oni’r P^'^l’crties of bile and certain of its constituents. Rywosch 
(t2Ul j seems to have been the first to demonstrate the toxic effect of 
bile on cells and its hemolyzing effect on red blood corpuscles. His 
results were confirmed by Flexner (1906), Meltzer and Salant (1906) 
and many others. Meltzer and Salant made detailed studies on the 
toxicity of bile and bile salts and listed an extensive bibliography. They 
appreciated the fact that bile salts would cause a local necrosis on contact 
with living cells. Bunting and Brown (1911) injected from 0.5 to 
1 cc. of gallbladder bile into the peritoneal cavity of rabbits and found 
that the great majority died within eighteen hours. These findings 
were confirmed by Horrall (1929) on the dog. In one experiment ive 
exposed the pancreas to direct contact with gallbladder bile b}^ the 
following method ; A dog was operated on under general anesthesia 
and with the usual aseptic precautions. A window was made in the 
gallbladder approximate!}'’ 3 by 1.5 cm. in size, and the free portion of 
the pancreas was carefully stitched into the defect. The animal 
recovered from the immediate effects of the operation but died in 
depression fifty hours later. Autopsy disclosed an acute necrosis of the 
portion of the pancreas exposed to the bile. There was no evidence 
of peritonitis nor was there any bile in the peritoneal cavity. Flexner 
(1906) clearly demonstrated that the bile salts constitute the toxic 
element in bile and that the remaining fractions are not only not 
injurious but actually inhibit the destructive action of the salts. For 
this reason we should expect gallbladder bile, in which the bile salts 
are relatively concentrated, to be more toxic than hepatic duct bile. 
Most of the investigators prexdousl}’’ mentioned produced pancreatic 
necrosis with gallbladder bile. Sodium taurocholate and sodium glyco- 
cholate are apparentlj^ equall}^ toxic (Sellards, 1908), The suggestion 
of Tatum (1916) that the cytolytic action of bile is due to its activating 
the intracellular autolytic enzymes and that the process is essentially an 
autolysis of the cells was questioned by Bradley and Taylor (1912). 

The latter workers found that bile did not accelerate the autolysis of 
liver, spleen, kidney, th 3 mius or heart muscle to any significant degree. 
They sharply distinguished between C 3 'tolysis and autolysis and con 
eluded that bile does not activate the enzymes associated with autoJj’Sis. 
Andrews, Rewbridge and Hrdina (1931) recently confirmed tlic obser- 
vations of Bunting and Brown (1911) and Horrall (1929) an > 
addition, demonstrated that hemorrhagic peritonitis produced by 
escape of bile or the injection of sterile bile salts into the 
cavity is regularly associated with the invasion of B. weJdni an 
similar organisms presumably from the intestinal tract. It is pro i. 
that the systemic intoxication in this so-called ‘ bile peritonitis 
least parti}' due to the toxins of B. welchii, although direct proo 


lor 
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this statement is still lacking. In 1929, Spurrier and one of us 
(L. R. D.) demonstrated that bile alone can produce a fatal systemic 
intoxication. These investigators found that if the common bile duct 
of dogs was anastomosed to the vena cava qr portal vein so that all 
of the bile passed directly back into the circulation, death regularly 
followed within two or three da 3 'S. Sellards (1909) injected 3 cc. of 
a solution (2, 5 and 13 per cent strength) of sodium taurocholate into 
the ducts of the parotid and submaxillary glands and secured a fairly 
extensive necrosis of the secreting parenchyma. Andrews (1931) pro- 
duced extensive necrosis of muscle and subcutaneous tissue by the 
injection of sterile bile or solutions of bile salts. We have confirmed 
the observations of Sellards and in addition have injected sterile gall- 
bladder bile into the pelvis of the dog’s kidne 3 ^ followed by ligation 
of the ureter. In 3 healthy dogs bile was secured from the gallbladder, 
and 2, 6 and 8 cc., respectively, were injected into the right ureter 
toward the kidney. These animals were killed after twenty-four hours, 
and the kidneys examined both grossly and under the microscope. The 
pelvis of the kidney receiving 8 cc. of bile was filled with blood, and 
there were definite areas of necrosis and hemorrhage throughout the 
renal substance. The smaller amounts of bile produced mostly edema, 
round cell infiltration and a moderate amount of hemorrhage. In no 
case could the extent of the pathologic change be compared with that 
resulting from the injection of a like amount of bile into the pancreatic 
duct. Sellards (1909) similarly concluded that the lesions produced 
in the salivary glands by the injection of bile were less marked although 
similar in character to those developing in the pancreas. 

There seems to be little doubt but that the pancreas is more suscepti- 
ble to the local necrotizing effect of bile or bile salts than most other 
tissues, a conclusion voiced by Bunting and Brown (1911). It is 
probable that this increased susceptibility is in some way dependent on 
the fact that the pancreas manufactures such an active digestive secretion 
and one which can digest all three classes of food substances. It 
has been commonly remarked that acute pancreatitis is especially 
prone to occur immediately after a heavy meal. Many investigators 
have concluded that the incidence of fatal pancreatic necrosis following 
the intraductal injection of bile, bile salts or even other irritants is much 
increased if these injections are made during the height of digestion or 
when the pancreas has been excited by the injection of pilocarpine 
(Hess, 1903; Doberauer, 1906; Potya, 1912; Brocq and Morel, 1919; 
Wangensteen, Leven and Manson, 1931). These findings have led man 3 ' 
naturall 3 - to conclude that the destructive agent is one of the enzymes 
(usually trypsin) manufactured during such periods of activity, a view 
we believe to be untenable. There is, however, evidence which indicates 
that the toxic effect of bile and perhaps of other chemicals is increased 
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tiL “ proteolytic agent. Ffaner (1908) found 

lim to! 0 T"! 'roll as certain other colloidal substances, 

niilcd tl c destructive effect of bile salts. He concluded that this was 

due to a lessening of the diffusibility of bile salts by the larger colloidal 
])cnrticlcs, an explanation suggested by Ostwald. Sellards (1908, 1909) 
reported that normal serum protects effectively against the hemoljfic 
action of bile, a fact previously demonstrated by Bayer (1907). Bayer 
als(3 showed that the inhibitory agent in the serum rests largely, if not 
entirely, m the protein constituents. Only the proteins of serum were 
ound to be protective, edestin and egg* albumin being without effect. 
Digestion of the serum by trypsin or pepsin completely destroys its 
protective capacity. Do we not have here a possible explanation for the 
extensive necrosis produced by the injection of bile into the ducts of 
the actively secreting pancreas? May we not assume that the initial 
attack of the bile has been repulsed by an exudate of serum or even 
frank hemorrhage? The protecting colloids being dead, proteins are 
then promptly digested by the tryptic proteinase and polypeptidase of 
the pancreatic juice and the bile salts freed for further destructive 
action. 

SUMMARY 

In considering the etiology of acute pancreatic necrosis, it sliould 
be kept in mind that it is by no means necessary to determine a single 
cause for all cases in order to satisfy the existing evidence with regard 
to its pathogenesis. Thus, the discovery of a case of acute pancreatitis 
in which the bile duct and pancreatic duct empty separately into tlie 
duodenum cannot be construed as evidence against the theory of Opie, 
but only that it is inadequate in the particular case, Avhich ma}' have 
been due to trauma, hematogenous, lymphogenous or ductal infection, 
or vascular injury. On the basis of the evidence existing at present, 
it seems probable to us that approximate!}' 60 per cent of the cases of 
acute pancreatitis occurring in man have developed as a direct result of 
the passage of bile over into the pancreatic ducts. Included in this 
group are a majority of those in which an antecedent cholelitliiasis and 
cholecystitis have existed. In making this statement, we realize tliat, 
according to the available statistical evidence, in only one sixth of this 
number has a common channel due to obstruction at the papil a o 
Vater by a gallstone been demonstrated. It is necessary, then, to beiieve 
that in the remaining five sixths of this group a common channel las 
been produced either by spasm of the sphincter of Oddi, ^nsi or) 
stone obstruction or edema of the muoesa at the papi a. 'o ( 
evidence exists to support this belief, and it does not ^ p 

it will soon appear. Perhaps the most that can be said i ^ 
bility has been demonstrated by Archibald m expenm 
JZls, and the inescapable fact that it is easier to produce ac.Kc 
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paiicveatic necrosis by the injection of bile into the pancreatic ducts than 
by any other method based on pathologic events likely to occur in man. 
Bile seems to produce its effect through the local toxic and cytolytic 
properties of the bile salts, and its action is greatly facilitated by the 
proteolytic enzymes of the pancreatic juice which digest and remove 
the protective proteins of the blood serum. Infected bile should be 
more effective than sterile bile, since the bacteria or their products may 
activate the trypsinogen. Gallbladder bile should Idc more effective than 
hepatic duct bile because of its greater concentration of bile salts. 

Of the remaining 40 per cent of cases in which it. seems that bile 
has played no role, we may list the following events as etiologic factors 
in the necrosis. They are given in the order of their probable occurrence 
as judged by clinical reports, namely: extension of infection via the 
lymphatics from an infected gallbladder or neighboring viscus, trauma, 
hematogenous infection as in mumps, stasis of pancreatic juice plus 
infection (Nordmann, 1913 ; Eve, 1915), reflux of duodenal content 
into the duct of Santorini or into the duct of Wirsung rendered patent 
by the entrance of an Ascaris (von Schmieden and Sebening) or because 
of destruction by a carcinoma, vascular injury as a result of thrombosis 
or embolism, and extension from a perforated ulcer. There is evidence 
indicating that these and perhaps other factors as well may produce 
an entirely typical necrosis and, as we shall see later, irrespective of the 
cause of the necrosis, the nature of the toxemia and death is probably 
the same. 

CAUSE OF DEATH IN ACUTE PANCREATIC NECROSIS 

The prevalent theories as to the cause of death in acute pancreatic 
necrosis uniformly assume that it is due to a toxemia in some way 
arising from the diseased pancreas. There is little direct evidence, 
however, supporting such an assumption. Sailer and Speese (1908) 
secured some indication that the blood from the carotid artery of dogs 
with acute pancreatitis was more toxic for guinea-pigs than normal 
blood. Speese, Sailer and Torrey (1911) found an increased globulin 
content of the blood in experimental pancreatitis, and suggested that 
the globulin or some substance adherent to it constitutes the toxic ele- 
ment in the disease. During the past year, M. L. Montgomery and one 
of us L. R. D. (1931) demonstrated, by means of cross-circulation 
experiments, the exceedingly rapid removal of toxic chemicals from 
the circulating blood. It was found, for instance, that a double lethal 
dose of strychnirre injected intravenously was so completely removed 
within three minutes that the blood from the animal into 'which the 
injection was made could be transfused into the circulation of a nor- 
mal animal without producing any toxic effect. It follows, then, that 
a failure to demonstrate toxic effects on transfusion of the blood from 
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an aninial dying from acute pancreatic necrosis into a normal animal 
should not be construed as proof of the absence of a toxemia. It is 
unfortunate that tliere is no reliable way of determining the existence 
o a suspected toxemia, and in this case, as in many others, we must 
i)c provisionally content with more indirect evidence. This may be 
summaiiaed as follows: A bacteremia has not been demonstrated in 
jiatients n ilh acute pancreatic necrosis, and the clinical symptoms and 
findings are such as to suggest a toxemia rather than an infection. At 
death, a necrotic pancreas is found in the abdominal cavity. Extracts 
of such a pancreas have been shown to be exceedingly toxic if injected 
into the abdominal cavities or into the veins of experimental animals. 
Surgical attempts to provide an extra-abdominal escape for the products 
arising from the necrotic pancreas have produced results that are favor- 
able within the limitations of the method, itself admittedly inadequate. 
Chemical examination of the blood has failed to show a departure from 
the normal of sufficient degree to account for the lethal issue. 

If it is agreed that the cause of death is the systemic absorption of 
poisonous materials from the necrotic pancreas, and at present the 
weight of evidence certainly suggests this conclusion, we may perhaps 
profitably inquire further into the nature of these toxic substances and 
their mode of origin. Some questions which naturally arise are these; 

1. Are the various constituents of the pancreatic juice toxic if absorbed 
from the peritoneal cavity? 2. Are the products of the autolysis or 
digestion of the pancreas by activated pancreatic juice the responsible 
toxic agents? 3. Are these poisonous substances bacterial toxins or 
toxic fractions resulting from the presence of bactez'ia in an extensive 
area of dead tissue? 


OBSERVATIONS ON THE TOXICITY OF PANCREATIC JUICE 

As noted in a preceding section, it has been repeatedly observed 
that pancreatic necrosis may occur shortly after a heavy meal 
at a time when presumably the pancreas is actively manufacturing 
its secretion. Similarly, injuries to the pancreas during digestion are 
apt to be more serious than during the fasting state. ^ Attempts to 
induce acute necrosis by the injection of bile or other mutants into t le 
pancreatic ducts are reported to be more successful if the g anc las 
been previously stimulated either by taking of food or by the a 
tration of drugs such as pilocarpine (Hess, 1903; Doberauer 1906 
Polya, 1912: Brocq and Morel, 1919; Wangensteen, Uven and Manson, 
19311. These observations have usually been mterpre c • 

that tlie toxic agent in pancreatitis is manufactured with the 
iuta Guleke (1905-1^) conclnded that trypsin -vas the rcspcns.Wc 
toxic substance, a view shared by Sweet (19)5) and man; o 
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The data on the toxicity of pure, or inactive, and of activated 
pancreatic juice are somewhat conflicting. Lattes (1913) cited the fol- 
lowing experimenters as having demonstrated that the injection of pan- 
creatic juice mixed with intestinal juice into a peritoneal cavity or into 
a vein produces a severe toxemia and death, while the injection of 
inactive pancreatic juice produces no such effect; Lombroso (1903), 
Roger and Gamier (1905, 1908), Falloise (1907), Cybulski and 
Tartschanow (1907), Fleig (1908), Seidel (1909) and Kircheim 
(1911). On the other hand, Schittenhelm and Weichardt (1911) and 
Stradiotti (1909) reported that the injection of large amounts of 
pancreatic juice either into a vein or into the abdominal cavity pro- 
duced no ill effects. Lattes (1913) criticized the experiments of the 
latter authors in that the digestive activity of the juice was not care- 
fully controlled. He secured juice from a cannula tied in the pancreatic 
duct of a dog. This was found to be without digestant effect on coagu- 
lated egg-white but had a moderate fat-splitting activity. The injec- 
tion of from 7 to 103 cc. of this pure nonproteolytic juice into the 
abdominal cavities of dogs caused widespread fat necrosis but no 
toxemia, and the animals survived. Activated pancreatic juice was 
secured from a dog provided with a fistula of the Pavlov type, in which 
the duodenal mucosa containing the entrance of the lower pancreatic 
duct had been implanted in the skin of the abdominal wall. This juice 
was found to digest egg-white and to split neutral fat. The intra- 
peritoneal injection of from 25 to 30 cc. of this secretion caused death 
in from nine to thirty hours (experiments on 4 dogs). 

Flexner (1897) credited Senn with having been the first to demon- 
strate that the passage of fresh or inactive pancreatic juice (as from 
a cut gland) into the peritoneal cavity does not cause diffuse inflamma- 
tion or marked toxemia. In 6 dogs. Lattes freed and cut the pancreatic 
duct, permitting the pancreatic juice to flow freely into the peritoneal 
cavity. He concluded that this was innocuous whether done during 
digestion or in the course of long periods of fasting and attributed 
the absence of toxicity to the lack of proteolytic activity of the fresh 
juice. Similar experiments in which from 5 to 20 cc. of intestinal juice 
was injected into the peritoneal cavity to activate the escaping pancreatic 
juice caused death in from ten to twenty-eight hours. The intestinal 
juice alone, in amounts of from 2 to 14 cc., was found to be nontoxic 
on intraperitoneal injection. The latter experiments are in harmony 
with an earlier observation of Guleke (1908), who established an intra- 
peritoneal fistula of the pancreatic duct, securing active juice by 
excision of the duodenal papilla which remained attached to the duct. 
Death occurred six days later, at which time 400 cc. of clear bloody 
fluid was found in the abdomen together with numerous areas of fat 
necrosis. Sweet (1915) confirmed the findings of Lattes and Guleke, 
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’"^^•‘'‘venous injection of inactive pancreatic 

vhcrc^rlr ' r lowering of the blood pressure. 

cicas tlic injection of pancreatic juice plus succus entericus, either 

n o the peritoneal cavity or into a vein, caused the typical symptoms 
of pancreatic poisoning and death. Peterson, Jobling and Eggstein 
(IJIOj, on the other hand, concluded that the serum changes observed 
during acute experimental pancreatitis were those of an intoxication 
from protein split products rather than from pure tryptic ferment. 
There was no increase in serum protease, as would be expected from 
pure trypsin shock. 

In view of the crucial importance of this question and the con- 
flicting leports of various observers, we have performed a number of 
experiments chiefl}^ with the view of determining,.]! possible, the toxicity 
of activated pancreatic juice. As previously noted, most investigators 
have agreed that the inactive juice as it exists in the duct sj'^stein of 
the pancreas is nontoxic either on intravenous or on intraperitoneal 
injection. Our experiments on this point have been limited to the pro- 
duction of an intraperitoneal fistula of the pancreatic duct. In 5 dogs 
the lower or main pancreatic duct was carefully dissected free from 
its entrance in the duodenal wall, the duct sectioned and the duodenal 
end closed. In 3 cases a small ureteral catheter was tied into the 
proximal portion of the duct, and in each instance pancreatic juice was 
observed coming from the catheter. This secretion was allowed to floiv 
freelj' into the peritoneal cavity in all 5 experiments and the abdomen 
was closed. No symptoms of toxemia appeared. The animals were 
subsequently killed at intervals varying from five to sixty days, and at 
autopsy there Avas surprisingly little evidence of pathologic change 
within the abdomen. A few small areas of fat necrosis were found in 
the region of the divided duct, and in 1 case, about 50 cc. of thin, turbid 
fluid in the peritoneal cavit)^ In this case the omentum Avas edematous 
and somewhat congested. These changes confirmed the previous obser- 
vations of Lattes, and it seems fair to conclude, therefore, that the 
volume of inactive pancreatic juice which escapes from such a fistula 
in the dog is insufficient to produce toxemia Avhen poured out into 
the peritoneal cavity. We have, of course, no check on the amount 
of juice secreted in these experiments, but in control experiments m 
Avhich the catheter was led to the outside through a stab wound m the 
abdominal wall the Amiume obtained from the lower pancreatic duct o 
the dog varied from SO to 350 cc. per twenty-four hours. _ 

The more debated question is that Avith respect to the toxicifA' o 

pancreatic juice after the trypsinogen has been changed to the act.AC 

^ . T. .1 _-.ij t... Uat-a fiifif *;n-ralled inactiA'c pane 

trypsin. 


juice 


It should be recalled here that the so-called inactive pancrc. 

active starch-splitting enzyme, amylopsm, and also an 
It seems someAvhat surprising that the actn-ation 


contains an 


active lipase, steapsin. 
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of the third enzyme should convert a nontoxic fluid into one so poisonous 
that the intraperitoneal injection of only 25 cc. (Lattes) would pro- 
duce a fatal toxemia. It may be argued, however, that trypsin attacks 
the protein of the cell, the basic substance of protoplasm, while the 
other enzymes affect only storage products such as glycogen and neutral 
fat. Or it may be that the reported toxicity of trypsin is independent 
of its catalytic action, and the mere activation of trypsinogen changes 
it to a general protoplasmic poison. These possibilities have seemed to 
us unlikely on theoretical grounds, and we have accordingly attempted 
to determine anew the toxicity of active (protein-digesting) pancreatic 
juice. 

Under normal conditions, trypsinogen is activated through its con- 
tact with the succus entericus when the pancreatic juice flows over the 
duodenal mucosa. As previously noted. Lattes found that fresh succus 
entericus obtained from a Vella fistula was nontoxic on intraperitoneal 
injection in amounts of from 2 to 14 cc. This observation was con- 
firmed in 1917 by Moorhead, Burcky and one of us (L. R. D.), who 
reported that the fresh secretions of the duodenum, jejunum and ileum, 
when freed from bacterial contamination, were nontoxic when allowed 
to drain freely into the peritoneal cavity. If, however, these secretions 
were kept free from preservatives and unheated, they rapidly became 
exceedingly toxic (Davis and Stone, 1917), presumably as a result of 
the accumulation of the end-products of bacterial metabolism. The 
necessity of determining the toxicity of mixtures of pancreatic juice 
and succus entericus in the complete absence of bacterial contamination 
was thus evident. An attempt was made to achieve this by a combi- 
nation of the intraperitoneal fistula of the pancreatic duct as in Lattes’ 
experiment and the method used bj' Moorhead, Burcky and one of us 
(L. R. D.) to test the toxicity of intestinal juice. Eight dogs were 
operated on in the following manner, strict aseptic precautions and 
general anesthesia being emplo 3 ’ed. At a point approximately 50 cm. 
distal to the pylorus, the jejunum was cut across in two places about 
5 cm. apart. Care was taken to preserve the mesenteric blood supply 
to the short segment of intestine thus produced, and its mucosa was 
everted by a longitudinal incision along the antimesenteric border. The 
continuity of the intestine was reestablished by an anastomosis between 
the proximal and the distal jejunum. The abdomen was then closed, 
leaving the everted patch of jejunum to pour its secretions freely into 
the peritoneal cavity. One of the 8 dogs died of generalized peritonitis, 
but the remaining 7 showed no ill effect from the escape of succus 
entericus into the abdominal cavity. A second operation was done from 
Uvo to three weeks later. At this time the lower pancreatic duct was 
isolated and cut. the duodenal end closed, and a catheter tied into the 
proximal cud. The distal end of the catheter was sutured to the flap 
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. W""=' "mcosa so that the outflowing pancreatic juice would 
lou o^cr Its surface and become activated before escaping into the 
pcntoncal cavtly (flg, 7). Of these 7 anintals, 1 died frl^th" sues- 
t ieUc, 1 died from evisceration in sixty hours, and 3 died in twenty, 
01 3 -six and seventy hours, respectively, autopsy showing generalized 
pen oni is anc extensive fat necrosis. In each of these cases bacteria 
(s reptococci, staphhylococci and B. welchii) were obtained on culture 
fiom tlic jejunal patch at the time of the second operation and again 
at autopsy. T^yo animals sundved the second operation and displayed 
no subsequent ill effects. These were lulled twenty-eight days later. 
Autopsy revealed a small amount of turbid fluid in the abdomen (20 and 



Fig. 7. — Drawing illustrating the intraperitoneal fistula of the pancreatic duct 
arranged so that the escaping fluid would come in contact with the mucosa of a 
sterile segment of the jejunum and become activated. 

35 cc., respectively). The omentum was edematous and somewhat 
injected. No areas of fat necrosis were found. Cultures taken from 
the jejunal patch at the time of the second operation revealed tie 
presence of B. welchii, streptococci and a small gram-negative bacillus. 

It is difficult properly' to evaluate these experiments. The t irce 
animals that died showed unmistakable evidence of a bacterial pento 
nitis, which might well have been the cause of death. In this case 1 1 “ 
pancreatic juice must have served as a contributing factor, since a 
the animals survived the production of the open section of 
source of infection. On the other hand, in the case . 

survived the second operation, we can hardly conclude that tl - p 
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the nontoxicity of active pancreatic juice, since we do not know how 
much was poured out into the abdomen, nor have we any check on its 
digestive activity. In both cases pancreatic juice was observed coming 
from the catheter before the abdomen was closed, and^ it is possible 
that this secretion continued throughout the duration of the experiment. 
These strictures must apply to all similar experiments described in the 
literature. 

In the following series of experiments active pancreatic juice was 
secured from the dog by means of the special type of pancreatic fistula 
illustrated in figure 1. The juice is, of course, activated by its contact 
with the duodenal mucosa lining the sac into which the cannula is fixed. 
Numerous determinations of the tr3'psin content of this product have 
been made by the method of Northrop and Hussey (1922-1923), and 
the results have shown a relatively uniform and exceedingly active secre- 
tion from day to day. With the unit of active trypsin defined by these 
workers, the concentration of active enzyme in 1 cc, of this pancreatic 
juice varies between 1,000 and 1,500 units. The activity rapidly 
decreases on standing at room temperature ; less so if kept in the icebox. 
Passage through a Berkefeld filter reduces its trypsin content approxi- 
mately 20 per cent. The sterile filtrate preserves its activity on stand- 
ing much longer than the infected juice. The toxicity of this actively 
proteolytic pancreatic juice was determined by both intraperitoneal and 
intravenous injection into the dog and intraperitoneal injection into 
mice. Tests were made with the fresh juice obtained from the fistula 
and with the same material after filtration through a Berkefeld filter. 
Cultures were made to check the sterility of the filtrate. The experi- 
ments are described in the following protocols : 

Intraperitoneal Injection of Fresh, Actively Proteolytic Pancreatic Juice . — 
Dog 306. — March 18, 1930: Fifty cubic centimeters of fresh, active pancreatic 
juice obtained from a pancreatic fistula and centrifugated to remove mucus and 
some cellular debris was injected into the peritoneal cavity. Vomiting occurred 
immediately. The dog was found dead twenty hours later. Autopsy revealed a 
small amount of bloody fluid in the abdomen, but no gross evidence of peritonitis 
and no fat necrosis. 

Intravcmus Injection of Fresh, Actively Proteolytic Pancreatic Juice . — Dog 
307.— This animal weighed 12.4 Kg.; 1,070 cc. of pancreatic juice was collected 
from a special pancreatic fistula in twenty-four hours. The Juice was centrifu- 
gated at high speed for fifteen minutes to remove suspended matter. Fifty cubic 
centimeters was injected intravenousl}-. Defecation occurred immediately, and 
within an hour profuse salivation, vomiting and marked depression. The dog was 
found dead in the cage twenty hours after the injection. Autopsy revealed an 
extensive iicmorrhagic injection of the mucosa of the duodenum, small intestine 
and colon. The small intestine was filled with blood and secretion. 

Dog 41.~This animal weighed 9.5 Kg. One hundred cubic centimeters of 
ircsh, active pancreatic juice from which the suspended matter had been removed 
by centrifugation at high speed for fifteen minutes was injected intravenously 
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Proteolytk Paiwreatk Jwce, Sfcril- 
mi ?/ F,ltratton.-BoG 102.-Aug. 26. 1930: This animal weighed 

r ' cubic centimeters of active pancreatic juice was collected 

troin the fistula, imniecliatcly passed through a Berkefeld filter, and the filtrate 
injected into the peritoneal cavity. Cultures of the filtrate on blood agar plates, 
dextrose broth and litmus milk remained sterile. The milk was markedly digested 
by 1 drop of the juice. The dog evinced discomfort for several minutes after the 
injection hut soon became quiet and displayed no subsequent ill effects. August 28; 
The dog apparently was normal. Twenty cubic centimeters of a Berkefeld filtrate 
of fresh, active pancreatic juice was injected into the peritoneal cavity. Cultures 
of the filtrate on blood agar plates and dextrose broth showed a small gram- 
negative bacillus. Litmus milk was markedly digested by 1 drop of the filtrate. 
Immediately after the injection, the dog showed discomfort and vomited repeatedly. 
Recovery apparently was complete. August 30; The dog apparently was normal. 
Thirty cubic centimeters of a Berkefeld filtrate of fresh, active pancreatic juice, 
collected immediately before, was injected into the peritoneal cavity. Cultures of 
the filtrate remained sterile. Milk was markedly digested by 1 drop of the 
filtrate. The animal showed signs of pain as before and vomited, but later 
completely recovered. September 5; The animal apparently was normal. Twenty 
cubic centimeters of a Berkefeld filtrate of fresh, active pancreatic juice, collected 
immediately before, was injected into the peritoneal cavity. Cultures of the filtrate 
remained sterile. Litmus milk was markedly digested by 1 drop of the filtrate. 
The animal displayed little or no discomfort following the injection and remained 
in good condition. September 8: The animal was normal. Fresh, active pan- 
creatic juice was collected and immediately passed through a Berkefeld filter, 
Cultures of the filtrate remained sterile. One drop of the filtrate produced marked 
digestion in milk. Fifty-five cubic centimeters of the filtrate was injected into the 
peritoneal cavity. There was slight evidence of pain with a moderate amount 
of vomiting ten minutes after the injection. Complete recovery followed. Sep 
tember 9: The animal apparently was normal. It was electrocuted. Autopsy 
revealed 20 cc. of turbid fluid in the abdominal cavity, no evidence of fat necrosis, 
normal omentum and a peritoneum that was smooth and shining. Cultures o tie 

peritoneal fluid remained sterile. ... j i. . 'n 

In this experiment a total of 142 cc. of sterile pancreatic juice, prove > > 
digestion of milk to be actively proteolytic, was injected into the peritoneal cau } 
without producing toxemia or any marked amount of fat necrosis. le 
injections seemed to produce less peritoneal irritation than those prece 
mations of the blood chemistry showed: on August 26, chlon es, 
nitrogen, 24; sugar, 108 mg.; on August 28. chlorides, 318; ’ 

29; sugar, 83 mg.; on September 9, chlorides. 319; nonprotem nitrogen, 34, sug. 

132 m-^. It is not probable that these variations are significant. 

Dog 62.-Aug. 26, 1930; This animal weighed 9.6 
juice was collected, stored in the refrigerator for twelve hoii , • - I 

SLh a Berkefeld filter. Cetees <,t_ .he fikra.e 


through 

producCL - , , 

filtrate was injected into the peritoneal cavit.v. 


;;;;d;;;;i marieed di^stlon ^ 
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uncomfortable but showed no subsequent ill effects. August 28: llic animal 
was normal. Fresh, aetive pancreatie juice was collected and immediately passed 
through a Berkefeld filter. Cultures of the filtrate revealed pure growth of a 
small gram-negative bacillus, and 1 drop caused marked digestion of milk. Twenty- 
five cubic centimeters of the filtrate was injected into the peritoneal cavity. The 
dog vomited once ten minutes after the injection, but showed no other adverse 
symptoms. August 30: The animal was normal. Thirty cubic centimeters of 
a Berkefeld filtrate of pancreatic juice which had been proved to be sterile and 
actively proteolytic as in previous experiments was injected into the peritoneal 
cavity. The dog vomited repeatedly for thirty minutes, then recovered and 
remained normal. September 5: The animal was normal. Twenty cubic centi- 
meters of a Berkefeld filtrate of fresh pancreatic juice, which had been proved to 
be sterile and actively proteolytic was injected into the peritoneal cavity. The 
dog showed little or no discomfort from the injection, did not vomit, and remained 
normal. September S: The animal was normal. Forty cubic centimeters of a 
Berkefeld filtrate of fresh pancreatic juice which had been proved to be sterile 
and actively proteolytic was injected into the peritoneal cavity. The dog vomited 
several times and showed signs of moderate discomfort, but in twenty minutes 
appeared entirely normal. September 9: The animal apparently was normal. It 
was electrocuted. Autopsy showed within the peritoneal cavity about 100 cc. 
of turbid, blood-tinged fluid in which were numerous globules of fat. The omentum 
was edematous and slightly hemorrhagic, and careful inspection revealed numerous 
minute speckled areas. These areas were also observed over the small intestine 
and colon. The pancreas was congested and was quite firm. Cultures from the 
peritoneal fluid revealed an anaerobic, gas-forming, gram-positive bacillus. 

In this experiment a total of 140 cc. of sterile, actively proteolytic pancreatic 
juice was injected into the peritoneal cavity without causing any definite evidence 
of toxemia. There was, however, a much greater peritoneal reaction than in the 
preceding experiment. The isolation of a gram-positive anaerobic bacillus from 
the peritoneal exudate is interesting in view of the sterility of the juice injected, 
except for one case in which a small gram-negative bacillus was obtained on 
culture. In this connection it may be recalled that Andrews and Rewbridge 
demonstrated the production of severe peritonitis by the intraperitoneal injection 
of sterile bile or sterile bile salts. At autopsy in these cases a pure culture of 
B. welchii was repeatedly obtained. In this experiment also the later injections 
of pancreatic juice produced less of peritoneal symptoms (pain and vomiting) than 
those preceding. Studies on the blood chemistry yielded the following results : 
on August 26, chlorides, 290; nonprotein nitrogen, 30; sugar, 105; on August 28, 
chlorides, 324 ; nonprotein nitrogen, 33 ; sugar 96 ; on September 9, chlorides, 303 ; 
nonprotein nitrogen, 35 ; sugar, 167 mg. 

Dog 298.' Sept. 22, 1930: This animal weighed 8.3 Kg. Pancreatic juice was 
collected from the fistula and immediately passed through a Berkefeld filter. Cul- 
tures of the filter on blood agar plates, dextrose broth and a special meat medium 
for anaerobes gave no growth. One drop of the filtrate produced marked digestion 
of milk. One hundred and ten cubic centimeters of the filtrate was injected into 
the peritoneal cavity. The animal evinced discomfort for a few minutes after 
the injection, but rapidly recovered and showed no subsequent ill effects. He did 
not vomit. October 1 : The animal apparently was normal. Eighty-five cubic 
centimeters of a Berkefeld filtrate of fresh pancreatic juice which had been proved 
to be sterile and actively proteolytic was injected into the peritoneal cavity The 
dog did not vomit and apparently felt little pain. Complete rccoverv followed 
October 3 : The animal apparently was normal. It was electrocuted, ^utopsv 
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revealed no free peritoneal fluid and no evidence of fat necrosis; the peritoneum 
c^er3uI,crc was s.nootl, and glistening; there was slight hyperemia of the paT 

tt noZi’rangl"" 

sternl.'!;*; (85 and 110 cc.) of active pancreatic juice 

sterilized by Berkcfeld filtration were absorbed from the peritoneal cavity without 
causing toxemia or fat necrosis. 


lutrcipcntoncal Injection- of Fresh. Actively Proteolytic Pancreatic Juke from 
the Uog into Micc.—For this experiment pancreatic juice was collected from a 
dog with the special pancreatic fistula previously referred to (fig. 1). The juice 
was used immediately after collection. In one series of mice it was injected just 
as it came from the fistula ; in a second series, it was first centrifugated at high 


Table 1. Effect of Iniraperitoncal Injection of Active Pancreatic Juice 

(from the Dog) into Mice 


Amo unt 


Jlouso 

Weight, 


Total, 

Cc. per 


Gm. 

Material Injected 

Cc. 

Gm. 

Effect 

S3 

SI.7 

Fresh active pancreatic 
juice of dog 

0.5 

0.0157 

Sick; recovery in 48 hts. 

4 

19.4 

Fresli active pancreatic 
juice of dog 

O.C 

0.0309 

Dead in 2^4 hrs. 

C6 

21 .8 

Fresh active pancreatic 
juice of dog 

1.2 

0.0550 

Dead in 1% hrs. 

ss 

23.1 

Fresh active pancreatic 
juice of dog 

5.2 

0.3275 

Dead In S hrs. 

n 

S0.2 

Same as In previous experi- 
ments but centrifugated 

0.5 

0.0365 

Sick; recovery in 4S hrs, 

42 

19.6 

Same as in previous experi- 
ments but centrifugated 

O.C 

0.0306 

Dead in 12 hrs. 

5G 

26.6 

Same as in previous experi- 
ments but centrifugated 

1.6 

O.OGOI 

Dead in 2 lirs. 

51 

20.7 

Same as in previous experi- 
ments but centrifugated 

2.C 

0.3256 

Dead in 45 min. 

29 

36.0 

Same, but passed through 
Berteleld filter 

0.55 

0.0153 

No ill efiect from inicctlon 

63 

31.7 

Same, but passed through 
Berkefeld filter 

1.0 

0.0335 

Slight depression; recovers 
in 1 hr. 

30 

20.8 

Same, but passed through 
Berkefeld filter 

1.2 

0.0577 

Slight depression; recovery 
In 1 hr. 

64 

20.2 

Same, but passed through 
Bertefeld filter 

3.3 

0.3259 

Moderate dcprc.^slon: re- 
covery In 24 hrs. 


speed for fifteen minutes, while in the third it was first passed througJi a Berkcfeld 
filter. The data are shown in table 1. There was no difference between t e 
centrifugated and uncentrifugated preparations. In both cases the intrapentonea 
injection of as little as 0.03 cc. of juice per gram of body weight caused death. 
On the other hand, the Berkcfeld filtrate was so little toxic that a dose four times 
as great produced few or no symptoms. 


Coinmenf. —The results of our experiments with respect to the 
toxicity of pure inactive pancreatic juice (intraductal juice) 
those of others, and we may probably safely conclude that m t le 
at least the escape of pancreatic juice from the severed ’ 

nroduce marked toxemia and but little peritoneal reaction. I hc ac 

.WS .een,s .0 Se entirely .0 . 

envelop of living cells and produce necrosis. The areas ot 
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fat necrosis, so characteristic of acute pancreatitis, probably represent 
areas of devitalized or dead cells the fat of which on coming into con- 
tact with the steapsin of the pancreatic juice has been converted into 
glycerin and fatty acids, the latter combining with the ubiquitous 
calcium to form soap. Some such explanation seems necessary to 
account for the widely scattered aieas of such necrosis and the inter- 
vening more accessible normal fatty tissue. 

It should be emphasized that pancreatic juice obtained directly from 
the duct is usually sterile (Elman and McCaughan, 1927), whereas 
that activated by admixture with succus entericus contains the usual 
intestinal bacteria. The intravenous injection of this contaminated 
pancreatic juice was found to cause a violent toxemia, characterized by 
the same extreme splanchnic engorgement that is produced by the toxic 
proteose of Whipple, histamine or the toxic substances accumulating in 
isolated closed intestinal loops. On the other hand, when such activated 
pancreatic juice was freshly obtained from the dog and immediately 
passed through a Berkefeld N filter, as much as 110 cc. was injected 
into the peritoneal cavity of a dog weighing 8 Kg. without producing 
toxemia. Similar results were obtained in the experiments on mice. 
The contaminated pancreatic juice was found to be toxic, whereas' after 
Berkefeld filtration, 3.3 cc. injected intraperitoneally produced only a 
moderate depression. Calculated by weight, this would correspond to 
a dose of 1,260 cc. for a dog weighing 10 Kg. 

It is probable that the degree of insult to the pancreas capable of 
producing fatal pancreatitis causes also complete cessation of pancreatic 
secretion. It has been the experience of most physiologists that the 
pancreas is exceptionally sensitive to trauma and that even a slight dis- 
turbance may stop secretion for many hours. In assaying the part 
played by trypsin in the toxemia of acute pancreatic necrosis, therefore, 
we should probably limit ourselves to such amounts as might reasonably 
be presumed to exist both in the intraductal pancreatic juice and the 
secreting cells. We have no definite data with respect to the concen- 
tration of trypsin, or rather of its precursor, trypsinogen, in the 
secreting cells at any one moment, but we shall probably not err greatly 
if we assume it to be of the same order of magnitude as in the pan- 
creatitic juice. The pancreas of a dog weighing from 10 to 15 Kg. 
weighs from 30 to 35 Gm., and its autolysis w'ithin the peritoneal cavity 
might be expected to liberate no more trypsin than is contained in an 
equal weight of active pancreatic juice. The probable presence of 
trypsin-inhibiting substances in the autolyzing pancreas should make 
this estimate quite liberal. 

If these strictures are valid, we must conclude that neither tryp 
smogen nor trypsin represents the to.xic agent in this disease. Attempts 
such as those ot von Bcrgmann (1906), Joseph and Prigsheim (1913) 
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and Ohno (1923) to produce immunity or a therapeutic serum by the 
injection of j^urified trypsin solutions, we should expect to be futile. 


OBSERVATIONS ON THE TOXICITif OF END-PRODUCTS OF PANCREAS 
DIGESTION AND AUTOLYSIS AND THE ROLE OF BACTERIA IN 
THE TOXEMIA OF ACUTE PANCREATIC NECROSIS 

One of the methods frequently employed to study the toxemia of 
acute pancreatitis has been to remove the pancreas from one animal 
under strict aseptic conditions and implant it in the abdominal cavity 
of a second, where it is permitted to undergo self-digestion, or autolysis. 
Guleke (1904, 1905 and 1906) reported that when this is done pro- 
found toxemia develops in the animal receiving the pancreas implant, 
and death occurs in from nine to eighteen hours, a finding confirmed 
by many others (Maragliano, 1912; Lattes, 1913; Sweet, 1915). Death 
has usually been attributed to the assumed toxic properties of the pan- 
creatic ferments or to various protein split products arising as a result 
of the autolysis of the gland. The successful production of a typical 
fatal toxemia when all extraneous bacterial contamination has been 
avoided has led practically all investigators to disregard the possibility 
of bacterial products playing a part in the disease. 

A series of experiments performed by the senior author (L. R. D.) 
over a number of years on the nature of the toxemia in acute intestinal 
obstruction has led him to question seriously the probability of highly 
toxic products arising in the body as a result of the autolytic destruction 
of body protein in the absence of bacteria. It should be recalled that 
such autolysis is a normal phy'^siologic process for removing dead cells 
and protein exudates, and that a mechanism exists for the utilizatioJi 
of its end-products in the metabolism of the organism. It is a common 
observation in pathologic processes that extensive areas of spleen, kid- 
ne]'’, bone or muscle may undergo aseptic necrosis as a result of 
infarction without the production of a severe toxemia. It is possible 
in the dog to occlude the blood supply to the spleen, kidney or a siiort 
isolated segment of intestine, previously'^ sterilized by prolonged drainage 
into the peritoneal cavity, without the development of adverse symp- 
toms, provided bacteria do not gain access to the necrotic autolyzmg 
tissue. In 1924, Mason, Davidson, Matthew and Rastello reported that 
the aseptic autolysis of portions of dog liver implanted in the abdomina 
cavity' regularly produced a fatal toxemia. In these experiments t le 
authors took pains to ar'oid bacterial contamination during the 
tions, but did not apparently' make cultures of the normal tissue. I’J’ 
apparent exception led two of us to reinvestigate the question (J. C- - 
and L. R. D., 1930). It was soon found that the uncontaminntc^ 
hepatic tissues of normal dogs regularly contain bacteria fpredonv 
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iiantly anaerobes resembling if not identical with B. wclchii), and that 
the toxemia resulting from the in vivo autolysis of liver (as in the 
experiments of Mason and co-workers) is entirely dependent on the 
presence of these organisms. Presumably various highly toxic chemical 
fractions arise as a result of the activity of bacteria growing in a large 
area of dead and disintegrating tissue. These observations were soon 
confirmed by Dvorak (1932). 

It seemed therefore advisable to determine in a similar way if 
bacteria are commonly present in the pancreatic tissues of healthy ani- 
mals, and, if so, their relation to the toxemia resulting from autolysis of 
the pancreas in vivo. It seems strange, in view of the extensive bacterio- 
logic studies of diseased tissues, that so little work has been done to 
determine the bacterial flora of normal organs or rather of the uncon- 
taminated tissues of healthy living animals and man. In 1930, the 


Table 2. — Incidence of Bacteria in Uncontaminated Pancreatic Tissues of 

Healthy Living Rabbits * 


Rab- 

bit 

Smears 

Blood-Agar 

Plates 

Lactic Acid 
Medium 

Milk Medium 

1 

Gram-negative baellli 

Gram-negative bacilli 

B. coll 

No growth 

2 

Gram-negative bacilli 

Gram-negative bacilli 

B. coll 

No growth 

3 

Gram-negative bacilli 

Gram-negative bacilli 

B. coll 

No growth 

4 

Gram-negative bacilli 

Gram-negative bacilli 

B. col! 

No growth 

5 

Gram-positive bacilli 

No growth 


Anaerobic bacillus 

, 0 

Gram-positive bacilli 

Gram-negative bacilli 

B. col! 

No growth 

7 

Gram-positive bacilli 

Gram-negative bacilli 

B. coll 

No growth 

8 

Gram-negative bacilli, 

Staph, aureus 

B. coll 

No growth 

9 

gram-positive cocci 
Gram-positive bacilli 

No growth 


Anaerobic bacillus 

10 

Gram-negative diploeocci 

Staph, albus 


Anaerobic bacillus 


* The rabbits were anesthetized with ether. The abdomen was shaved and painted twice 
with tincture of iodine. I/inen, gowns, rubber gloves and instruments were sterilized after 
each operation. 


literature was briefl)^ reviewed by two of us (J. C. E. and L. R. D.). 
The present experiments, decidedly limited in scope, have been per- 
formed merely to determine the presence of bacteria in the uncontami- 
nated pancreatic tissues of living healthy rabbits and dogs. It is obvious 
that a more quantitative study is necessary as well as a more detailed 
investigation regarding the location of organisms in the pancreas and 
the relative frequency of different bacterial types. A summary of the 
results obtained to date is given in tables 2 and 3. It proves to our 
mind conclusively that bacteria are present in the pancreatic tissues of 
the great majority of healthy living rabbits and dogs. 

The great importance of these bacteria in the toxemia resulting from 
in vivo autolysis of pancreas is demonstrated in the following experi- 
ments ; 

In Vivo Autolysis of Dog Pancreas Complicated by the Presence 

of Bacteria Commonly Found in the Uncontaminated Gland. ^The data 

included in table 3 summarize the experiments with 18 dogs in which 
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a portion or the whole of the pancreas of a second animal has been 
secured with strict aseptic precautions and implanted into the abdominal 
cavity. Of these, 8 received one half of the pancreas from an animal 


Table 3. — Incidence of Bacteria in Uncontaminated Pancreatic Tissues of 
Healthy Living Dogs and the Relation of Bacteria to the Toxemia Arising 
from in Vivo Autolysis of Pancreas 


Dog 

9SG 

94S 

0i9 

309 

916 

275 

276 

9S3 

513 

732 

629 

419 

5SS 

636 

7SS 

548 

787 

396 


Amount 
of Pancreas 
Implanted 

% of a pancreas; 
weight, 12 Gm. 
(wrapped in 
omentum) 

of a pancreas; 
weight, 16 Gm. 

of a pancreas; 
weight, 16 Gm. 

% of a pancreas; 
weight, 20 Gm. 

% of a pancreas; 
weight, 20 Gm. 

% of a pancreas; 
weight, 16 Gm. ; 
cut in many 
tine pieces 
% of a pancreas; 
weight, 16 Gm.; 
cut in many 
fine pieces 
% of a pancreas; 
weight, 20 Gm.; 
triturated with 
SO cc. sterile saline 

Entire pancreas; 
weight, 35 Gm. 
Entire pancreas; 
weight, 38 Gm. 

Entire pancreas; 
weight, 34 Gm. 
Entire pancreas; 
weight, 31 Gm. 


Entire pancreas; _ 
weight, 35 Gm. 
Entire pancreas: 
weight, 33 Gm. 
Entire pancreas: 
weight, 30 Gm. 

Entire pancreas; 
weight, 35 Gm. 

Entire pancreas; 
weight, 35 Gm. 
Entire pancreas; 
weight, 32 Gm. 


Cultures of Weight of Dog 
Pancreas Before Eeceiving 
Implantation Impiant, Kg. 


Bacteria present 
but not 
identified 

12.15 

Staphylococci 

6.5 

Staphylococci 

7.4 

Gram-negative 
bipolar bacillus 

6.5 

Gram-negative 
bipolar bacillus 

7.4 

No growth 

7.7 


Eesult of Implantation 
with Cultures of 
Peritoneal Exudate 

Dead SO hrs.; B. welchii, strep- 
tococci and staphylococci 


Dead in 3 days; no cultures 
taken 

Survived; killed after 3 days, 
cultures lost 

Survived; killed in 11 days, 
staphylococci 

Survived; killed after 41 days, 
exudate sterile 

Survived; killed after 14 days, 
peritoneal cavity sterile 


Ko growth 


Survived; killed after 14 days; 
peritoneal cavity sterile 


Bacteria present 
but not 
identified 

11.3 

No cultures taken 

6.5 

Gram-positive 
anaerobic bacilli 

7.5 

Gram-positive 
anaerobic bacilli 

5.3 

Gram-positive and 
gram-negative 
anaerobic bacilli 

6,0 

Gram-positive 
anaerobic bacilli 

6.4 

Gram-positive 
anaerobic bacilli 

7.5 

All cultures re- 
mained sterile 

5.6 

All cultures re- 
mained sterile 

12.0 

Gram-positive 
anaerobic bacilli 

5.S 

Gram-negative 
bipolar bacillus 

8.0 


Survived; killed after 23 days: 
cultures of peritoneum 
gram-positive bacillus and 
staphylococci 

Dead in 18 hrs,; B. welchii in 
exudate 

Dead in 18 hrs.; B. welchii and 
gram-negative diplococcl 
Dead in 24 hrs.; B. welchii and 
gram-positive diplococcl 

Dead in 24 hrs.; B. welchii. 
streptococci, gram-flcgntn 
bacilli , 

Dead in 46 hrs.; B. welchii and 
staphylococci 

Dead in 22 hrs.; B. wcichll, 
b! coll and staphylococci 
Dead in 20 hrs.; B. welchii 

Iram^poil^'anfflc 

Rnrvivcd; killed after 40 dasf. 


ot appioximatcly the same "’“8“ 

the 8 died and 6 sunuved. Of the w recuMi 

^ these eonditions i. ji™ 

„ecLs ourom o„e-ha.f to the tvhole o. » ov.a 

Ihe death of an otherwise healthy dog. It is true 
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pancreas has been undisturbed and that there is accordingly no factor 
of pancreatic insufficiency such as complicates the disease in man. It 
is, however, unlikely that this plays any part in such an acute process, 
since the complete removal of the pancreas in the dog is compatible with 
life for from five to ten days without special treatment. It is note- 
worthy that none of the animals died in less than eighteen hours. 
Apparent^ this much time at least is required for the production of a 
fatal toxemia, even in the presence of a sudden necrosis of the entire 
gland. Clinical reports of death within four or five hours of the onset 
of the disease suggest either that man is more susceptible to this type 
of toxemia or that other complicating factors are present. Cultures 
taken from the uncontaminated pancreas in 17 of these experiments 
revealed the presence of bacteria in all but 4, or an incidence of 76 per 
cent. Cultures taken from the peritoneal exudate in the immediate 
vicinity of the autolyzing gland in the animals that died were all posi- 
tive, and it is doubtless significant that an anaerobic gram-positive 
bacillus resembling, if not identical with, B. welchii was obtained in 
each case. 

In Vivo Autolysis of Fetal Pancreas. — ^The following experiment 
illustrates the innocuous effect of fetal pancreas : 

A cesarean section was performed on a bitch near term and the entire pancreas 
from each of 4 of the fetuses secured. Careful aseptic precautions were observed, 
and cultures, both aerobic and anaerobic, proved the sterility of these fetal glands. 
The four glands were placed in the free peritoneal cavity of a dog weighing 9 Kg., 
and the abdomen was closed. The animal promptly recovered from the operation 
and displayed no subsequent ill effects. At autopsy six weeks later, no trace of 
the implanted tissue could be found. 

Intraperitoneal Digestion of Sterile Autoclaved Pancreas. — Four 
experiments were performed in this group, the results of which are 
summarized in the following protocols : 

Dog 985. — Aug. 15, 1930: This animal weighed 13.8 Kg. The abdomen was 
opened, and a portion of dog pancreas weighing approximately 18 Gm., which had 
been previously autoclaved at 15 pounds’ pressure for twenty minutes, was 
placed in the peritoneal cavity, surrounded by omentum, and the abdomen closed. 
Cultures proved the implanted pancreas to be sterile. The animal promptly recov- 
ered and displayed no subsequent ill effects. The values for blood chlorides, sugar 
and nonprotein and urea nitrogen remained within normal range. The dog was 
electrocuted after twenty-one days, and autopsy revealed the implanted pancreas 
completely wrapped in omentum. It was somewhat reduced in amount and caseous 
in consistency. 

Dog 991. Aug. 15, 1930; This animal weighed 11.7 Kg. The abdomen was 
opened, and about 20 Gm. of fresh macerated dog pancreas was placed in the 
free peritoneal cavity. This pancreas had been first autoclaved at IS pounds’ 
pressure for fifteen minutes and found to be sterile by culture. The animal recov- 
ered promptly from the operation and continued in good health. The values for 
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blood clilondcs, sugar and nonprotein and urea nitrogen remained within the 
normal range. The dog was electrocuted after twenty-one days, and autopsy 
revealed numerous caseous masses, the remains of the implanted pancreas, encap- 
sulated m omentum. 

Dog 414. April 15, 1930: This animal weighed 6 Kg. The abdomen was 
opened, and about 35 Gm. of pancreas (the entire gland from a dog of somewhat 
larger size) was implanted in the free peritoneal cavity. This pancreas had been 
previously autoclaved at IS pounds’ pressure for fifteen minutes and found to 
be steiile by culture. The animal promptly recovered from the operation and 
continued in good health. The blood chemistr}^ showed no deviation from the 
normal. The dog was killed after eleven days, and postmortem examination was 
performed immediately. The abdominal cavity was entirely normal and contained 
no free fluid. The implanted pancreas was still firm in consistency and about 
one half of its original size. It was partially encapsulated in omentum. 

Dog 488. — April IS, 1930: This animal weighed 7 Kg. The abdomen was 
opened, and about 34 Gm. of pancreas (the entire gland from a dog considerably 
larger in size) was implanted in the free peritoneal cavity. This pancreas had 
been first autoclaved at IS pounds’ pressure for fifteen minutes and proved to be 
sterile by culture. The animal promptty recovered from the operation and did not 
display anj' subsequent ill effects. The blood chemistrj'^ remained within the 
normal range. The dog was killed after one hundred and fifty-one da 3 's, and 
immediate postmortem e.vamination was performed. The peritoneal cavity was 
entirety normal, and no trace of the implanted pancreas could be found. 

The rate of disintegration of the autoclaved pancreas placed in the 
abdominal caA'ity was obviously much slower than that of the fresh 
gland. This was to be expected since the heat was adequate to destroy 
all the pancreatic enzymes and effectually check autolysis. A complete 
digestion and remot'al of the necrotic sterile pancreas was, however, 
eventualty brought about, presumably by ferments and cellular elements 
provided by the host, without the development of any S3nn])toms of 
toxemia. This fact may be interpreted to indicate cither that the end- 
products of the aseptic digestion of pancreas are not toxic, or, if they 
are toxic, that under these conditions they are elaborated so slowly that 
the defense mechanism of the body can detoxif}' and excrete them. 

Toxicity of the End-Froducts of the Aseptic Digestion of Panel cas 
in Vitro . — INfany observations have been made with respect to the end- 
products resulting from the autotysis, or self-digestion, of various tis- 
sues in vitro. For the most part, investigators have been interested in 
the chemical identification of some of the products of these digests, aiic 
determinations of their toxicity have, as a rule, not been made. ^ ' ’c 
. majority of such experiments, moreover, have been conducted without 
sufficient care to exclude bacterial contamination. Incubation between 
la)’ers of toluene and chloroform has usually been adopted as a met lo 
for inhibiting bacterial groAvth, but adequate bactcriologic checks have 
rarely been made. It is clear from what has been found regarding 
the frequenev of bacteria in the uncontaminatcd tissues of healtln am 
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mals that even the strictest aseptic precautions employed in removing 
organs cannot be relied on to exclude bacterial activity in autolysates 
free from antiseptics. 

In the following experiments we have made an attempt to digest 
various sterile tissues in vitro with sterile gastric and pancreatic juice 
and to compare the toxicity of these digests with others containing the 
bacteria commonly found in the respective tissues in situ. Specimens 
of pancreas, liver and muscle were freshly secured and immediately 
autoclaved at 15 pounds’ pressure for fifteen minutes. Gastric juice 
from an isolated stomach pouch (L. R. D. and J. C. E., 1930) and 
pancreatic juice from a fistula were freed from bacteria by Berkefeld 
filtration. The sterility of the resulting digests was checked by cultures 
for both aerobic and anaerobic organisms. It is probable that in acute 
pancreatic necrosis the responsible toxins are absorbed from the perito- 
neal cavity. Whether they pass directly into the capillaries draining into 
the portal system or into the lymphatics is unknown. It is fairly cer- 
tain, however, that they must pass through a layer of endothelium 
before they reach the blood stream, and it is consequently probable that 
the injection of toxic fractions obtained from the pancreas into the 
peritoneal cavity more nearly reproduces the conditions of the disease 
studied than the injection of these fractions into a vein. In the latter 
case, it may be difficult to distinguish between the shock resulting from 
the intravenous injection of particulate matter and the toxemia of a 
soluble poison. For this reason the toxicity of each of these in vitro 
digests of pancreas, liver and muscle was determined by intraperitoneal 
injection. Mice were selected because the number of injections pre- 
cluded the use of a larger animal. The results are summarized in 
table 4. To our mind, they prove conclusively that the digestion of 
pancreas, liver or muscle by gastric or pancreatic juice in the absence 
of bacterial contamination does not produce toxic end-products, whereas 
these develop in relatively large amount under the same conditions 
when the bacteria commonly found in these tissues are present. 

Intraperitoneal Digestion of Autoclaved Pancreas by Sterile Pan- 
creatic Juice. — The experiments described in the third section justify 
the conclusion that the end-products resulting from the digestion of 
the sterilized pancreas by the ferments of the peritoneal cavity are not 
sufficiently toxic to produce symptoms, or if toxic they are elaborated 
too slowly to produce toxemia. The heat of the autoclave has, of course, 
destroyed the pancreatic ferments, and one may reasonably raise the 
question : May not the digestion of sterile pancreas by the enzymes of 
the pancreatic juice produce different and more toxic chemical fractions 
than result from the slow disintegration of the autoclaved pancreas in 
the peritoneal cavity? It seems reasonable to infer that in clinical cases 
of acute pancreatic necrosis the dead cells are broken down in large 
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Table 4. — Toxicity of 
Tryptic 


the End-Products Resulting from the Aseptic Peptic and 
Digestion of Pancreas, Liver and Muscle 


Jlouse 

Weight, 

Gm. 

1 

29.5 

2 

32.0 

3 

30.G 

4 

27.0 

5 

29.0 

C 

32.4 

7 

30.5 

8 

19.0 

9 

31.0 

10 

23.0 

11 

30.1 

12 

25.0 

13 

32.0 

14 

20.0 

15 

22.3 

1C 

24.0 

17 

23.0 

IS 

23.5 

19 

26.8 

20 

30.6 

21 

32.0 

22 

26.4 

23 

20.2 

24 

24.0 

25 

30.0 

26 

22.0 

27 

24.9 

28 

19.5 

29 

29.0 

30 

29.0 

31 

21.6 

32 

28. 0 

33 

26.7 

34 

24.0 

33 

25.5 

3G 

19.0 

37 

23.2 

38 

23.0 

39 

19.4 

40 

28.4 

41 

17.4 

42 

33.0 

43 

30.4 

44 

22.0 

45 

20.0 

40 

23.0 

47 

30.3 

48 

15.0 


Jlntcrial Injected Intrapcritoncally* 


Solution A (tryptic pancreas diecst, aseptic) 
Solution A (tryptic pancreas digest, aseptic) 
Solution A (tryptic pancreas digest, aseptic) 
Solution A (tryptic pancreas digest, aseptic) 

Solution B (peptic pancreas digest, aseptic) 
Solution B (peptic pancreas digest, aseptic) 
Solution B (peptic pancreas digest, aseptic) 
Solution B (peptic pancreas digest, aseptic) 

Solution 0 (pancreas autolysate, infected) 
Solution O (pancreas autolysate, infected) 
Solution O (pancreas autolysate, infected) 
Solution 0 (pancreas autolysate, infected) 

Solution D (tryptic pancreas digest, infected) 
Solution D (tryptic pancreas digest, infected) 
Solution D (tryptic pancreas digest, infected) 
Solution D (tryptic pancreas digest, infected) 

Solution E (tryptic liver digest, aseptic) 
Solution E (tryptic liver digest, aseptic) 
Solution E (tryptic liver digest, aseptic) 
Solution E (tryptic liver digest, aseptic) 

Solution F (peptic liver digest, aseptic) 
Solution F (peptic liver digest, aseptic) 
Solution F (peptic liver digest, aseptic) 
Solution F (peptic liver digest, aseptic) 

Solution G (liver autolysate, infected) 
Solution G (liver autolysate, infected) 
Solution G (liver autolysate, infected) 
Solution G (liver autolysate, infected) 

Solution H (tryptic liver digest, infected) 
Solution H (tryptic liver digest, infected) 
Solution H (tryptic liver digest, infected) 
Solution H (tryptic liver digest, infected) 

Solution I (tryptic muscle digest, aseptic) 
Solution I (tryptic muscle digest, aseptic) 
Solution I (tryptic muscle digest, aseptic) 
Solution I (tryptic muscle digest, aseptic) 


Solution J (peptic muscle digest, aseptic) 
Solution J (peptic muscle digest, aseptic) 
Solution J (peptic muscle digest, aseptic) 
Solution J (peptic muscle digest, aseptic) 


Solution K (muscle autolysate, infected) 
Solution K (muscle autolysate. Infected) 
Solution E (muscle autolysate. Infected) 
Solution K (muscle autolysate. Infected) 


on L (tryptic muscle digest. Infected) 
on L (tryptic muscle digest. Infected) 
on L (trsTJtIc muscle digest. Infected) 
nn T. rtrvntic muscle digest. Infected) 


Total 

No. of Cc 
per Gm. 

Amount 

Body 

Cc. 

Weight 

1.0 

0.034 

2.0 

0.063 

3.0 

0.098 

4.0 

0.148 

1.0 

0.035 

2.0 

0.062 

3.0 

0.098 

4.0 

0.211 

1.0 

0.032 

0.5 

0.022 

0.33 

0.011 

0.25 

0.010 

1.0 

0.031 

0.5 

0.025 

0.33 

0.015 

0.25 

0.010 

1.0 

0.043 

2.0 

0.0S5 

3.0 

0.112 

4.0 

0.131 

1.0 

0.031 

2.0 

0.076 

3.0 

0.149 

4.0 

0.167 

1.0 

0.033 

0.5 

0.023 

0.33 

0.011 

0.25 

0.013 

1.0 

0.034 

0.5 

0.016 

0.33 

0.015 

0.25 

n.009 

1.0 

0.03 1 

2.0 

0.033 

3.0 

0.176 

4.0 

0.211 

1.0 

0.043 

2.0 

O.OSO 

3.0 

0.155 

4.0 

0.141 

1.0 

0.057 

0.5 

0.015 

0.33 

0.011 

0.23 

0.011 

1.0 

0.050 

0.5 

0.022 

0.33 

o.on 

0.25 

0.017 


Result 

No toxic effect 
No toxic effect 
No toxic effect 
No toxic effect 

No toxic effect 
No toxic effect 
No toxic effect 
Dead in 1 hr.t 

Dead in 20 hrs. 
Dead in 19 hrs. 
Dead in 19 hrs. 
Dead in 19 hrs. 

Dead in 20 hrs. 
Dead in 18 hrs. 
Survived 
No toxic effect 

No toxic effect 
No toxic effect 
No toxic effect 
No toxic effect 

No toxic effect 
No toxic effect 
No toxic effect 
Dead in 19 hrs. 

Dead in 20 hrs. 
Dead in IS hrs. 
Dead In 3 hrs. 
Dead in 2 hrs. 

Dead In 20 hrs. 
Dead in 7 hrs. 
Survived 
Dead in 10 hrs. 

No toxic effect 
No toxic effect 
No toxic effect 
No toxic effect 

No toxic effect 
No toxic effect 
No toxic effect 
No toxic effect 

Dead in 20 hrs. 
Survived 
Dead In 21 lirs. 
Dead in 3 hrs. 

Dead In 2" hr-'. 
Dead in 15 hr?. 
Survived 
Dead In 19 I'r-- 
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* Solution A (Irvptic pnncrcns diltcpt, nfppllc): Ten priinis ol Iroph iloc pnncrciis plus -0 cc. 
of Kinccr’s solution wns nutoclnvcd nt 15 pounds’ pressure for fifteen rii nutes. Jo this tvns 
added 50 cc. of fresli doK pnncrcntic juice, sterilized by pnssiiite tiiroURli a JJcrkeield niter' 
The mixture was incubated ol 07 C. for slxty-elpht hours, at uhleli time the solli.1 material 
was practically all in solution. Culturc.s of the dlcest all remained sterile. Kl(;lit cubic centi- 
meters represented 1 Gm. of pancreas. 'The to.xlelty ol 
intrapcritoneal injeetions in mice. 


the mixture was determined by 


Solution B (peptic pancreas digest, aseptic): Ten gramB of fresh dog pancreas plus 20 cc. 
of Ringer's solution was autoclaved nt 15 pounds' pressure for fifteen minutes. To this was 
added uO ec. ol pure dog gastric juice, sterilized by passage through a Bcrkeleld filter, iho 
mixture was incubated nt 37 G. for sixty-eight hours, nt which time the pnncrcns was entirely 
digested and in solution. Cultures ol the digest all remained sterile, lllght cubic centimeters 
represented 1 Gm. of pancreas. 


Solution G (pancreas autolysate, infected); Ten grams of fresh uncontnmlnntcd dog 
pancreas plus 70 cc. of sterile Ringer’s solution was Incubated nt 37 0. for sixty-eight hours. 
A scum formed on the surface of the solution, and this was found to contain many gram- 
positive cocci and gram-positive bacilli; 0.04 6m. ol solid material remained, so that 8.5 cc. 
represented 1 Gm. ol pancreas. The toxicity of the filtrate was determined by Intrapcritoneal 
injections in mice. 


Solution D (tryptic pancreas digest, infected): Ten grams of fresh uncontaminated dog 
pancreas plus 20 cc. ol Ringer’s solution plus 50 cc. of fresh dog pancreatic juice was Incubated 
at 37 C. for forty-two hours. There was a luxuriant growth of bacteria In the mixture (gram- 
negative bacilli and gram-positive cocci); 1.2C Gm. of solid material remained undigested, so 
that 1 ec. represented 109 mg. ol pancreas. 


Solution E (trj-ptic liver digest, aseptic): Ten grams ol fresh dog liver plus 20 cc. ol 
Ringer’s solution was autoclaved at 15 pounds’ pressure for fifteen minutes. To this was 
added 50 cc. of fresh dog pancreatic juice, sterilized by passage through a Bcrkcfeld filter. The 
mixture was incubated at 37 C. for sixty-eight hours, at which time the solid material was 
practically all in solution. Cultures of the digest all remained sterile. One cubic centimeter 
represented 125 mg. of fresh liver. 

Solution E (peptic liver digest, aseptic); Ten grams of fresh dog liver plus 20 cc. of 
Ringer’s solution was autoclaved at 15 pounds’ pressure lor fifteen minutes. To this was 
added 50 cc. of pure dog gastric juice, sterilized by passage through a Berkefeld filter. The 
mixture was incubated at 37 C. for sixty-eight hours, at which time the solid material was 
practically all in solution. Cultures of the digest all remained sterile. One cubic centimeter 
represented 125 mg. of fresh liver. 


Solution G (liver autolysate, Infected): Ten grams of fresh uncontamlnated dog liver plus 
70 cc. of sterile Ringer’s solution was incubated nt 37 0. for sixty-eight hours. A scum 
formed on the surface of the solution, and this was found to contain many bacteria (gram- 
negative bacilli); 0.81 Gm. of solid material remained, so that 1 cc. represented 115 mg. of 
fresh liver. 


Solution H (tryptic liver digest, infected): Ten grams of fresh uncontamlnated dog liver 
plus 20 cc. of Ringer’s solution plus 50 cc. of fresh dog pancreatic juice was Incubated at 37 C. 
for forty-two hours. There was a luxuriant growth of bacteria in the mixture (gram-positive 
bacilli and cocci); 1.63 Gm. ol solid material remained undigested, so that l cc. represented 
104 mg. of liver. 


Solution I (tryptic muscle digest, aseptic): Ten grams of fresh dog muscle plus 20 cc. of 
Ringer’s solution was autoclaved at 15 pounds’ pressure for fifteen minutes. To this was added 
43 cc. of fresh dog pancreatic juice sterilized by passage through a Berkefeld filter. The mixture 
was incubated at 37 O. for sixty-eight hours at which time the muscle was entirely digested. 
Cultures of the digest showed a meager growth of gram-negative bacilli. One cubic centimeter 
represented 137 mg. ol muscle. 


bolutlon J (peptic muscle digest, aseptic): Ten grams of fresh dog muscle plus 20 cc. of 
“mker s solution was autoclaved at 15 pounds’ pressure for fifteen minutes. To this was 
addedJiO cc. of pure gastric juice, sterilized by passage through a Berkefeld filter. The mixture 
was incubated nt 37 0. for sixty-eight hours, at which time the muscle was entirely digested. 
Cultures of the digest remained sterile. One cubic centimeter represented 123 mg. of muscle. 


bolution K (muscle autolysate, infected); Ten grams ol fresh dog muscle plus 70 cc. of 
Ringer s solution was incubated at 37 C. for sixty-eight hours. A scum formed on the surface 
01 the solution, and this was found to contain a luxuriant growth of bacteria (gram-nositive 
cocci and gram-negative bacilli): O.C Gm. of solid material remained, so that 1 cc ol the 
solution represented IIS mg. ol muscle. 


Solution L (tryptic muscle digest, infected): Ten grams ol fresh dog muscle plus eo cc of 
Ringer s solution plus DO cc. of fresh dog pancreatic juice was incubated at 37 O for forty-two 
hours. There was a luxuriant growth of bacteria in the mixture (small gram-negative bacilli 
tnu , gram-positive cocci); 0.S5 Gm. of solid material remained undigested,^Eo 1 cc of 
solution represented 114 mg. of muscle. to i cc. oi 


t Probably because of mechanical distention of abdomen. 
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part b)- the specific ferments of the gland. The following experiment 
was performed to test this possibility ; 

Dog 103.— May 13, 1931 : This animal weighed 9.8 Kg. Blood was drawn 
ior chemical examination, with the following result: chlorides, 290; sugar, 86, 
an nonprotem^ nitrogen, 32 mg. Under general ether anesthesia and with strict 
aseptic precautions, the abdomen was opened and a sterile pancreas digest intro- 
uce . This digest had been prepared as follows : Si.xteen grams of fresh dog 
pancreas, sterilized in the autoclave at IS pounds’ pressure for fifteen minutes, plus 
0 cc of fresh, active pancreatic juice, sterilized by passage through a Berkefeld U 
filter, was incubated at 37 C. for sixty-nine hours. The pancreas was about 
two-thirds in solution, and cultures proved the mixture to be sterile. The entire 
mixture ivas placed in the free peritoneal cavity and the abdomen was closed. 
May 14: The animal recovered from the operation. Its general condition was 
good. Tile blood chlorides were 240 ; sugar, 109, and nonprotein nitrogen, 34 mg. 
ii'Iay 26 : The animal was in excellent condition. No evidence of toxemia appeared 
after operation. The animal was electrocuted, and immediate postmortem exami- 
nation was performed. The peritoneal cavity was entirely normal, with no free 
fluid, no evidence of peritonitis and no trace of the pancreatic tissue digest. 

Cowinenf. — The experimental evidence obtained in this investigation, 
together with certain observations recorded in the literature, make it 
appear most probable that the toxemia of acute pancreatic necrosis is 
due to the absorption of toxic substances produced in the necrotic pan- 
creas by the action of bacteria. Bacteria are present in the mcontami- 
nated pancreas of a high percentage of normal rabbits and dogs, and it 
is likely that a similar situation obtains in man. In the 10 rabbits 
examined in this study, bacteria were found in the pancreas in every 
case, the colon bacillus being the predominant form. A somewhat 
lower incidence of bacterial contamination was found in the dog. 
Thirteen of the 17 examined, or 76 per cent, yielded positive cultures, 
while the cultures for 4 all remained sterile. It should be emphasized 
that search was made for both anaerobic and aerobic bacteria, and that 
no cultures were discarded short of two weeks’ incubation. In a study 
made in this laboratory in 1926, Tower found bacteria in the fresh 
pancreatic tissue of dogs in 15 of the 16 animals operated on. It is 
probable that these bacteria are present in the duct system of the gland 
and that they have come from the duodenum, since the\' are siini|ar in 
type to the ordinary intestinal organisms. It is clear that under norma 
conditions they evoke no signs of inflammation in tlic pancreas. In 1 ns 
respect they are similar to the organisms present in the liver, althoug i 
it seems probable that in the latter case the bacteria are present in t ic 
reticulo-endothelial cells. It is significant that all cultures taken from 
the necrosing pancreatic tissue of the dogs that died from 
the pancreas jn'elded an organism very similar to, if not identicn 
B. welchii. The predominance of this organism may be due to i • 
having overgrown other forms or to its escape from the gastro-infcj m i 
tract in response to peritoneal irritation ver}.' much as occur.- m » '-fi 
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peritonitis (Andrews, Rewbridge and Plrdina, 1931). ihe impression 
that the majority o£ cases of acute pancreatic necrosis in man are sterile 
seems to be due to prevailing theories regarding the cause of the dis- 
ease rather than to the results of bacteriologic study. There have been 
surprisingly few attempts to culture the necrotic pancreas at operation 
or immediately after death at autopsy. Larkin (1898) found B. 
aerogenes-capsulatis, Germain and Christian (1904) streptococci, and 
Gunther (1909) and Briitt (1923) B. welchii either at postmortem 
examination or on culture of the peritoneal exudate at operation. The 
case reported by Gunther is especially interesting in this connection. ’ 
Cholecystostomy was performed on a patient with acute pancreatitis. 
Many friable gallstones were found in the gallbladder, and a pure cul- 
ture of B. welchii was obtained from the gallbladder bile. Death 
occurred two days after operation, and an autopsy was performed within 
an hour after death. The pancreas was necrotic, and there was exten- 
sive fat necrosis in the peritoneal cavity. A pure culture of B. welchii 
was again obtained from the necrotic pancreas and from the peritoneal 
exudate. D. B. Phemister (1930) operated on a patient who had a 
combination of acute pancreatitis and gangrenous cholecystitis in whom 
cultures taken from the peritoneal exudate revealed B. welchii in pure 
culture. 

It is true that extracts of many fresh normal tissues yield substances 
that produce vasodepression and other toxic symptoms if injected into 
the blood stream of experimental animals. Goodpasture and Clark 
(1919) were able to secure such substances in extracts of the fresh 
dog pancreas. Bacteria could have played little or no part in the devel- 
opment of this toxicity, since there was scarcely sufficient time for 
bacterial activity and growth. It is significant, however, that it required 
an entire pancreas to yield one fatal dose for an animal of equal weight 
even when the extract was administered intravenously. As previously 
noted in cases of acute pancreatic necrosis, the poisons are absorbed 
from the peritoneal cavity and pass through at least one layer of 
endothelium before reaching the blood stream. The toxicity of tissue 
extracts is so greatly reduced by such passage that it is doubtful if the 
extract secured by Goodpasture and Clark would prove fatal if given 
in equal amounts intraperitoneally. It must also be kept in mind that 
the sudden injection of an extract obtained from the pancreas in which 
the entire dose of toxic material enters the blood stream within a few 
minutes hardly duplicates the situation which obtains in acute pancreatic 
necrosis and autolysis. ^ In the latter case, it is reasonable to assume 
that the responsible poisons are continuously manufactured, liberated 
and absorbed during the entire period of from eighteen to’ thirty-six 
hours. The defensive mechanism of the body is much better able to 
cope with poisons of the type likely to develop in this instance when 
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the} ,uc slowly adininisteml than w])en the maxin 7 um concentration 
is ptesentcd to the blood stream at once. The amount of toxic material 
in a 7\'atcn- extract of fresh CIOS' pancreas has no effect if given intra- 
j)eritoncaII\- in graduated doses over a period of tlu'rty-six hours to an 
animal of equal size, ^^'e must conclude that during the process of 
ncciosis and aulol}'sis of the pancreas there occurs a marked increase 
in the amount of soluble toxic material, or lliat some entirely new 
poisons are produced, 

J])e experiments oft or no support to the view that these toxic sub- 
' stances rc[)rescnt various fractions resulting from the digestion of the 
dead pancreas by the activated pancreatic juice. The product secured 
trom the digestion of pancreas by pancreatic juice in the absence of 
bacteria was found to be practically nontoxic on intraperitoneal injec- 
tion. The innocuous effect of implanting autoclaved pancreas or fetal 
pancreas, proved to be sterile by culture, into the peritoneal cavity is 
in hannony with this finding. The implantation of a mixture of ground 
autoclaved pancreas and active pancreatic juice, proved to be sterile by 
culture, into the peritoneal cavity without the production of toxemia 
represents almost a crucial experiment. It proves that neither active 
pancreatic juice nor the products arising from the digestion of dead 
pancreas by pancreatic juice within the abdomen are sufficiently toxic 
when the bacteria commonly found in the intact pancreas have first been 
removed. The conclusion seems inescapable that in some way these 
bacteria are necessary for the development of a toxemia in pancreatic 
necrosis. The exact nature of the poison or poisons remains a specu- 
lation. A large variety of toxic chemical fractions might be expected 
to develop in a mass of necrotic tissue being broken down both by 
pancreatic juice and by bacterial activity. The frequent finding of 
B. welchii in the necrotic pancreas suggests that its specific toxin may 
play a role in the disease. It seems more probable, however, that the 
major amount of responsible poisons will be found among the relatively 
large group of toxic organic bases that are known to be produced from 
the decomposition of proteins or protein split products by bacteria or 
their proteolytic enzymes. 

OBSERVATIONS ON THE EFFECT OF ACUTE PANCREATIC NECROSIS 
ON CERTAIN CONSTITUENTS OF THE BLOOD 

An attempt was made in 12 dogs to reproduce the symptoms of 
pancreatic poisoning by ligating the blood supply to varying amounts o ^ 
the gland. The postoperative course was carefully observed, and dai y 
determinations were made of the blood chlorides, sugar and nonprotem 
and urea nitrogen. The blood supply to the tail of the pancreas and 
to that portion which lies free in the duodenal mesentery was_ com 
pletely occluded in most cases, and careful transfixion sutures m 
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duodenal pancreas further decreased its blood supply. Ten of the 
animals survived the operation and, aside from a model ate postopeiati\e 
depression, completel}' recovered. Autopsy at varying periods of fiom 
two to five weeks later revealed no evidence of fat necrosis and sui- 
prisingly little change in the neighborhood of the pancreas. The free 
portions of the gland the blood supply of which had been completel)' 
interrupted were represented only by thin fibrous cords. The duodenal 


Table S. — Effccl of Ligation of the Blood Supply to the Dog’s Pancreas 
on the Blood Chemistry * 



Daj’s After 
Pancreas 




Nonproteln 

Urea 

Dog 

Ligation 

Symptoms 

Chlorides 

Sugar 

Nitrogen 

Nitrogen 

220 

0 

Normal 

301 


33 

15 


1 

Lively 

300 


42 

17 


0 

Slight depression 

223 


82 

47 


S 

Slight depression 

209 


00 

55 


4 

Slight depression 

204 


S3 

53 


5 

Lively 

200 


64 



7 

Condition good 

217 


bS 

• • 


0 

Normal 

348 


43 

24 


1 

Weak, depressed 

289 


43 

23 


2 

Weak, depressed 

271 


47 

23 



Weak, depressed 

284 


43 

21 


4 

Condition good 

278 


48 

23 


s 

Condition good 



41 

20 

800 

0 

Normal 

303 

ICO? 

26 

12 


0 

Slight depression 

S02 

88 

23 



0 

Condition good 

316 

90 

31 

14 

yon 

0 

Normal 

275 

70 

20 

12 


2, 

Slight depression 

321 

80 

25 

13 


7 

Condition good 

317 

74 

29 

12 

yto 

0 

Norma! 

283 

81 

29 

13 


2 

Moderate depression 

244 

68 

S3 

14 


r> 

Condition good 

207 

74 

30 

12 

902 

0 

Normal 

270 

77 

24 

13 


0 

Depressed 

306 

S3 

21 

12 


G 

Condition good 

301 

81 

27 

12 

097 

0 

Normal 

284 

81 

22 

11 


2 

Slight depression 

251 

105 

29 


IDS 

0 

Normal 

379 


39 

19 


C hrs. 

Condition good 

312 


43 

22 


23 brs. 

Severe depression 

280 


93 

51 


25 hrs. 

2G hrs. 

Moribund 

Died 

297 


118 


211 

0 

Normal 

303 


40 

14 


5 hrs. 

Depressed 

292 


42 

20 


24 hrs. 

Marked depression 

238 


54 

22 


28 hrs. 

Marked depression 

240 


87 



hrs. 
44 hrs. 

Moiibvmd 

Found dead 

238 


SO 



• In tlio experiments necrosis of a part of the pancreas (from one third to one half) tvas 
produced by Ilgatine the blood supply. 


pancreas ivas otherwise grossly normal. The data are summarized in 
table 5. 

Similar observations were made of the alterations in the blood 
chemistry produced by the intraperitoneal autolysis of implanted pan- 
creas in the experiments previously described. The data are sum- 
marized in table 6. In both series a decrease in the concentration of 
blood chlorides and an increase in nonprotein and urea nitrogen were 
regularly found. 
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Taiili; 0. — EJfccl of In Vivo Autolysls of Pancreas on the Blood Chemistry 


Time Alter 
Pnncrciis 
Iinplnn- 
Doe tntlon 

PSC 0 

C4 Jir.c. 

S2 lir?. 


OiS 0 

23 Iirs. 
47 lirs. 
70 lirs. 


OtO 0 

23 lir?. 
4S llTB. 

72 lirs. 

73 lirs. 


Symptoms 

Chlo- 

rides 

Non- 
protein 
NItro- 
Sugar gen 

Urea 

Nitro- 

gen 

Comment 

Normal 

3.10 

S4 83 

14 

Koughly % of a pancreas 

Vomiting, toxic 

ICC 

38 45 


obtained from another dog 

Died 

Normal 

2:.3 

24 

10 

was wrapped in omentum 
nnd abdomen closed 
Koughly 34 of a pancreas 

Very toxic 

250 

54 

33 

obtained from another 

Very toxic 

161 

53 

sc 

dog was placed in the free 

Pound dead 

Normal 

278 

27 

13 

peritoneal cavity and 
abdomen closed 

About iC of a pancreas ob- 

Very toxic 

OOJ 

20 

12 

tained from another dog 

Improved 

254 

30 

14 

was placed in the free 

Ptinilent nasal dis- 

218 

.. 27 

S 

peritoneal cavity and 

clinrge, cough 

Animal ).-llled with ether; lobar pneumonia 


abdomen closed 


SOO 0 

1 dny 

2 dnys 
i dnys 

6 dnys 
Tdnj-s 

0 dnys 
32 dnys 
10 dnj-s 
42 dnys 
42 days 

010 0 

1 dny 

2 dnys 
4 days 
C dnys 

7 days 
9 dnys 

12 dnys 
19 days 
41 dnys 

513 0 

22 hrs. 


KormnI 

.Sllglit depression 
Slleht depression 
Condition Good 
Condition good 
Condition good 
Condition good 
Condition good 
Condition good 
Condition good 
Killed ivftli ether 

Konnai 

Sllglit depression 
Slight depression 
Condition good 
Condition good 
Condition good 
Condition good 
Condition good 
Condition good 
Killed with ether 

Konnnl 

Died 


S06 

293 

24S 

240 

312 
32C 
302 
329 
329 

313 


287 

265 

223 

002 

210 

20S 

275 

316 

296 


339 


732 0 Normal 

IS hrs. Died 


298 


gog 0 Normal 

21 hrs. Moribund 

25 hrs. Died 


310 

220 


419 0 Normal 

26 hrs. Died 


200 


588 


0 

5 hrs. 
22 hrs. 
29 hrs. 
34 hrs. 


636 


0 

6 hrs. 
22 hrs. 


Normal 

Slight depression 
Moderate depression 
Moribund 
Died 

Normal 

Moderate depression 
Pound dead 


295 

271 

234 

317 


304 

303 


788 


0 

6 hrs. 
23 hrs. 


Normal 

Slight depression 
pound dead 


343 

261 


26 

53 

38 

23 

21 

19 

15 

ID 

19 

17 


13 HoughJy 4^ of a pancreas 
27 obtained from another 

8 dog was placed in the free 

13 peritoneal cavity and the 

11 abdomen closed 
11 

7 

12 
12 
10 


25 

24 

53 

45 

48 

36 

21 

20 

23 


11 

12 

32 

26 

29 

16 

12 

10 

12 


About % of a pancreas 
obtained from another 
dog was placed in the free 
peritoneal cavity nnd the 
abdomen closed 


84 


90 


89 

72 


25 


29 


13 


12 


26 

12 

56 

28 

24 

11 

22 

13 

24 

7.5 

52 

24 

75 

50 

25 

10 

24 

18 

24 

7 

25 

12 


The entire pancreas ob- 
tained from a dog rreigm 
ing 13.4 Kg..was Plaf 
the free peritoneal caUty 
and the abdomen closed 

The entire pancreas ob- 
tained from a dog rrei^h- 
Ing 21 Kg. was placed m 
the free peritoneal cavity 
and the abdomen ciosea 

The entire pancreas oh- 
tained Irom a dog wemh- 
ing 13.4 Kg. was Placed m 
the free PerJtooettI car‘ty 
and the abdomen closed 

The entire pancreas fro^. 
another dog rras placed in 
the free Peritoneet cavity 
and the abdomen dosed 
An entire panerens weigh- 
ing 30 Gm. was P aecd in 

‘ZSS'SXU 

ffiSSSS*® 
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Table 6.— Effect of In Vivo Autolysis of Pancreas on the Blood 
Chemistry — Continued 


Time Alter 
Pancreas 
Implan- 

Dog ration Symptoms 


54S 


0 Kormal 

24 hrs. Depression, marked 
weakness 

29 hrs. Condition hetter 

2 days Condition good 

3 days Condition good 

4 days Condition good 
7 days Condition good 

19 days Condition good 


Chlo- 

rides 

273 
2(5 

224 

203 

278 

283 

274 
314 


Kon- 

protein Dren 
IJItro- Nltro- 


Sugar 

gen 

gen 

Comment 


20 

12 

An entire pancreas weigh- 


45 

25 

ing 35 Gm. was placed In 
the Ircc peritoneal cavity 


46 

24 

and the abdomen closed 


24 

12 



23 

11 



26 

12 



27 

12 


•• 

30 

6 



0 

Normal control 

320 

7 hrs. 

Marked depression 

2GC 


and weakness 


24 hrs. 

Very toxic 

339 

29 hrs. 

Condition better 

249 

48 hrs. 

JTurther Improvement 

250 

54 hrs. 

Condition good 

256 

72 hrs. 

Condition good 

27G 

79 hrs. 

Condition good 

2CG 

96 hrs. 

Condition good 

253 

103 hrs. 

Condition good 

203 

5 days 

Condition good 

33S 


30 

8 

An entire pancreas weight- 

27 

11 

ing 35 Gm. was placed in 
the peritoneal cavity and 

32 

12 

the abdomen closed 

40 

17 


24 

0 


19 

6 


18 

16 

17 

0 


15 

15 

9 



0 

Normal control 

200 

23 hrs. 

Marked depression 

251 


and weakness 


29 hrs. 

Condition better 

220 

48 hrs. 

Further improvement 

226 

4 days 

Moderate depression 
and weakness 

ICS 

9 days 

Condition good 

259 

12 days 

(Condition good 

272 

19 days 

Condition excellent 

320 

40 days 

(Condition excellent 

302 


27 

11 

.4n entire pancreas weigh- 

28 

•• 

ing 35 Gm. was placed in 
the peritoneal cavity and 

29 

12 

the abdomen closed 

26 

13 


39 

20 


19 

7 


20 

6 


23 

8 


24 

12 



During the course of these studies an opportunity presented itself 
to exaniine the blood chemistry in a patient with a mild but undoubted 
case of acute pancreatitis. The pertinent features of the history are 
given here. 

J. H., a man, aged 49, came to the hospital with symptoms and findings sug- 
gestive of chronic cholecystitis. Thirt}'-six hours later he experienced a sudden 
severe pain in the left upper quadrant of the abdomen, accompanied by a drenching 
perspiration and symptoms of vascular collapse. The blood pressure fell to 
88 mm. systolic. A diagnosis of acute pancreatitis was made, and operation was 
performed immediately. The pancreas was indurated, and there were numerous 
areas of fat necrosis. No stones were found in the gallbladder or common bile 
duct. The wall of the gallbladder was thickened. A drain was placed in the gall- 
bladder and in the lesser peritoneal cavity. Each twenty-four hours for the next 
five days 3,000 cc. of Ringer’s solution was given subcutaneously or intravenously. 
The results of the chemical examination of the blood are summarized in table 7. 

Here again, as in the animal experiments, a decrease in the concen- 
tration of blood chlorides and an increase in nonprotein and urea 
nitrogen are the most prominent changes. These alterations are similar 
to those which occur in acute intestinal obstruction or following the 
failure of reabsorption of gastric and pancreatic juice. It is probable 
that they can be accounted for in a similar way. The extensive perito- 
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ncal initalion resulting^ from the in \’ivo autoiysis of the pancreas might 
he expected to produce a profound reflex inhibition of gastro-intestinal 
motility, A j)aral 3 ’tic ileus, more or less severe, is commonl}' found in 
acute p.mcicatitis in man. The relation of such disturbances in motility 
to the blood chemistr}’ has been discussed by one of us in considerable 
detail clsendierc (L. R. D., 1930). Under normal conditions, the 
gastric and pancreatic secretions poured into the upper part of the 
alimentar}’ tract arc more or less completel}' absorbed in the intestine 
lower down. Water and inorganic salts, the principal constituents of 
these secretions, are not appreciably absorbed in the stomach, duodenum 
or even upper part of the jejunum. It is clear, then, that for reabsorp- 
tion, the gastric and pancreatic juice must be carried by the motor 
activities of the intestine into the ileum and colon. Interference with 
this transport, such as occurs in paralj^ic ileus, must result in the loss 
of the various constituents of these secretions to the body either 

Table 7. — Blood Chemistry in a Case of Acute Pancreatitis 


Blood Chemistry 


Time 

Alter 

Operation, 




XaCJ, 

Mg, 

00.- 

Oapaeity, 

-» 

Nonprotein 

Nitrogen, 

Urea 

Nitrogen, 



Sugar, 

Days 

Condition 

Cc. 

Mg. 

Mg. 

Me. 

1 

Siclr, vomiting 

335 

55 

5S 

36 

125 

O 

Very sick, vomiting 

45S 

50 

102 

76 

3 

Improved, no vomiting 

464 

57 

86 

66 

152 

4 

Improved, no vomiting 

462 

63 

76 

52 

5 

Marked improvement 

490 

73 

50 

31 

lis 


through vomiting or through accumulation of the lumen of the non- 
absorbing portions of the tract. The failure of reabsorption of the 
sodium and chloride ions present in gastric and pancreatic juice leads 
to the development of hypochloremia, alkalosis and dehydration, because 
the stomach (L. R. D. and I. C. E., 1930) and pancreas (Elman and 
McCaughan, 1927, and Gamble and Mclver, 1928) have the property of 
separating these ions from the blood stream irrespective of their concen- 
tration there, even though such separation so greatly alters the chemical 
composition of the blood that life can no longer exist. 

TREATMENT 

While this investigation has been concerned primarily with ^ the 
pathogenesis of acute pancreatitis, it may be worth while to note briefly 
certain inferences toward treatment that h'ave suggested themselves. 
The poison or poisons responsible for this dread toxemia have not }et 
been defined in precise chemical terms, and until this is done there ui 
be little hope of developing a specific antitoxic therapy. It is exccc 
ingly important that this be done, since undoubted!}' many patients ia\c 
absorbed a fatal dose of this toxic material into the blood stream, an 



DRAGSTEDT ET AL.— PANCREATITIS 


283 


it has become fixed in the tissue cells, before they come to treatment. 
The trial of B. welchii antitoxin would appear to be justified by tbc 
almost regular finding of this organism in the iieciotic panel eas in 
these aninial experiments. Needless to say, great caution should be 
observed in interpreting the results secured. It is our opinion, however, 
that not until we have secured an adeciuatc therapy for the toxemias 
produced by the nonantigenic proteinogenous amines and other products 
of bacterial proteolysis will this part of the problem be solved. 

At present, we are largely limited to attempts to prevent further 
injury to the pancreas and the entrance of additional poison into the 
blood stream. The suggestions of Archibald (1929) here seem most 
reasonable in the light of this study. Since in all probability the 
majority of cases are due to the passage of bile into the pancreatic 
ducts, it seems wise to reduce the pressure in the biliary tract and 
divert the bile and possibly the pancreatic juice as well to the exterior 
by means of eholecystostomy or choledochostomy. The drainage tube 
might well be eonnected to a negative pressure bottle. In view of 
the greatly increased susceptibility of etherized animals to histamine, 
it is probably safer to use local than general anesthesia. While the 
studies of Whipple and Goodpasture (1913) and Peterson, Jobling 
and Eggstein (1916) indicate that the abdominal exudate is nontoxic, 
we believe it is advisable to place drains about the pancreas. This is 
done not so much with the thought of draining away toxic material as 
to facilitate the formation of adhesions and the isolation of the necrotic 
pancreas from the remainder of the abdomen. The intravenous admin- 
istration of physiologic solution of sodium chloride or Ringer’s solution 
is advisable to correct the alterations in the blood chemistry and the 
dehydration accompanying the paralytic ileus. It is possible that 
the parenteral administration of large amounts of salt solution with the 
ensuing diuresis may facilitate the excretion of soluble toxic chemicals 
from the blood stream and so exert a dual beneficial effect. Repeated 
gastric aspirations prevent overdistention and enable the stomach to 
recover its tonus more quickly. 

CONCLUSIONS 

It is probable that about 60 per cent of the eases of aeute pancreatic 
necrosis in man arise in patients with antecedent chronic biliary tract 
disease. Of these, it is likely that 10 per cent develop a common 
channel as a result of the impaction of a gallstone in the ampulla and 
a majority of the remainder a similar continuous channel through spasm 
of the sphincter of Oddi or edema of the papilla. In this group, the 
immediate cause of the necrosis is the passage of bile over into the 
pancreatic ducts which is made possible not so much by a difference in 
secretory pressures of the liver and pancreas as by die fact that the 



ARCimiiS OP SURGERY 


2.S.} 

iiiti.i5|Iandular anastoiuosc.s hvlwccu the ducts of Wirsung and San- 
torini nialcc the secretory'’ j)ressurc of the pancreas ineffectual in the 
majority of cases. ]3ile jiroduce.s necrosi.s of the pancreatic parenchyma 
hecau.s'e of the local cytoh’tic and de.struclive properties of the bile salts 
and not tlirongh activation of the intraductal trypsinogen of the pan- 
creatic juice. 1 he toxic ertcct of the bile salts is neutralized by the 
proteins of the blood serum, so that hemorrhage and exudation are 
j)rotective phenomena. The digestion of the protective proteins of the 
serum by the proteolytic enzymes of the pancreatic juice frees the bile 
salts for further destructive action, and this probably accounts for the 
greater susceptibility of the pancreas to biliary necrosis than is found 
for other glandular organs. A typical pancreatic necrosis may, however, 
be produced by a variety of factors, listed in the foregoing discussion, 
in which bile plays no part. The discovery' of instances in which a 
common continuous channel of the bile and pancreatic ducts is an 
anatomic impossibility can, accordingly', not be construed as evidence 
against the bile factor in pancreatitis, since it merely shows that it is 
not operative in the particular cases studied. There is no good evidence 
that the intraductal or intraglandular activation of trypsinogen will cause 
self-digestion of the pancreas. Active trypsin was found to be 
incapable of digesting living tissues. It is probable that trypsin has no 
corrosive properties in itself which would injure living cells and that it 
acts only as a catalyst in facilitating the hy'drolysis of proteins by the 
alkali of the pancreatic juice. The locally destructive action of pan- 
creatic juice is dependent on its concentration of alkali just as the 
corrosive effect of gastric juice is dependent on its concentration of 
free acid. 

It is probable that irrespective of whether the necrosis of the pan- 
creas is due to the invasion of bile, to trauma, to vascular injury or to 
infection, the cause of the resulting toxemia is the same. The amount 
of pancreatic juice or of its constituent enzymes which could be pr^ent 
in the necrotic pancreas is insufficient to account for the toxic e ec . 
Inactive pancreatic juice was found to be nontoxic if allowed to o' 
into the free peritoneal cavity'. The active lipase of this secretion was 
unable to digest the lipoid envelop of living cells and produce necrosis. 
The areas of so-called fat necrosis found probably represent 
dead cells the fat of which has been converted into glycerin an ^ 
acids by the pancreatic steapsin, after which the fatty acids have coi 
bined with calcium to form soaps. It is probable that in 
creatitis the fat necrosis is due more to the destructive action o ^ 
than to that of pancreatic juice. The digestion of the fat is . 
about by' the latter secretion. The intraperitoneal injection o acj 
proteolytic pancreatic juice was found to be no 
intraductal secretion if bacterial contamination was avoided. ^ 



285 


DRAGSTBDT ET AL.—EAKCREATITIS 

as 110 cc. of a Bcrkcfeld filtrate of active pancreatic juice was injected 
into the free peritoneal cavity without causing toxemia. Tlie end- 
products of the partial or complete digestion of the pancreas hy active 
pancreatic juice arc not sufliciently toxic, if placed in the peritoneal 
cavity, to cause death. The in vivo autolysis of sterile fetal pancreas 
and the intraperitoneal digestion of autoclaved pancreas by sterile pan- 
creatic juice did not produce toxemia. The uncontaminated pancreases 
of 10 living, adult, normal, rabbits yielded positive bacterial cultures in 
every instance, oV 100 per cent. In 13 of 17 dogs similarly examined, 
bacteria of various types were found in the uncontaminated pancreas. 
These bacteria were similar to those common to the intestinal tract. 
B. welchii was especially prevalent. The to.xemia resulting from 
experimental in vivo autolysis of the pancreas is chiefly due to the 
presence of these organisms, which proliferate in the necrotic tissue. It 
is possible that the toxin of B. welchii may contribute to the toxic 
effect, but it seems probable that the major part of the toxemia is due 
to the group of proteinogenous amines and similar substances arising 
from the bacterial decomposition of proteins or their split products. 
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experimental obstruction of jejunum 

tM-ECT or ADMJNISTRATIOA^ OF WATER ON LENGTH OF LIFE 
and changes in CIIEjriCAL COMPOSITION OF BLOOD 


JIJALMAR E. CARLSON, M,D, 

AND 

THOMAS G. ORR, M.D. 

KANSAS CITY, KAN. 


It is well recognized that there is a decrease in chlorides and an 
increase in the carbon dioxide-combining power and in the nonprotein 
nitrogen and tlie urea nitrogen of the blood in intestinal obstruction. The 
role played b}’’ water, when administered by mouth, on the extent of 
these changes and on length of life has been little studied. A 
more thorough investigation was thought indicated, particularly since 
determinations of the chemical composition of the blood are being 
increasingly used as a guide for treatment of obstruction of the pylorus 
and small bowel. 

In an earlier study of the changes occurring in the blood incident 
to high intestinal obstruction, the average length of life of dogs was 
observed.^ These animals were allowed as much water as they wanted, 
and the average length of life of thirty-live dogs in which the upper 
part of the jejunum was obstructed was 6.8 daj's. Hartwell and 
Houguet ^ obstructed the jejunum of dogs from 10 to 30 cm. below the 
pylorus and found that few lived longer than five days. They also 
found that dogs deprived of food from forty-eight to seventy-two hours 
before obstruction would die as early as those fed from ten to twenty 
hours before obstruction. Wangensteen ® says that the average length 
of life of dogs, with high intestinal obstruction is from three to four 
days. Dragstedt and Moorhead * obstructed the duodenum of dop 
below the pancreatic duct, and all the animals died in less than ninety-six 
hours. 


From the Department of Surgery, University of Kansas School of ifeclicine. 
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MATEUIAI,S AND METHODS 

In tliis study intestinal obstruction was produced in twelve licallliy dogs by 
sectioning and inverting the cut ends of the jejumnn 15 cm. below the ligament of 
Treitz. All operations were done under ether anc.sthcsia with ascj)tic technic. 
Six dogs were allowed water ad libitum after the operation, and six were entirely 
deprived of water. None of the dogs received food after the operation, nor was 
any food given twenty-four hours prior to the operation. The animals were 
kept in clean metabolism cages, and the bo<ly weight taken daily. An autopsy was 
always performed. Peritonitis was never a complicating factor. 


Table 1. — Obsiruciwn of the Upper Jejunum of the Dog IVheit No IFaler 
' JVas AUotved 




Blood, JIfj. per 100 Cc. 

Cnrhcn 






^ 

— ^ 

Dioxide- 




Dny 


Dren 


Conihlnlne 




Alter 

Chlorides, Nltroccn, 

Stienr, 

I’oivcr, 

Body 



Obstruc- 

Me. per 

Me. per 

Me. per 

per Cent 

Woleiit. 


Dog 

tion 

100 Cc. 

100 Cc. 

100 Cc. 

by Volume 

Kp- 

Comment 

1 

0 

510 

12.3 


43.0 

in.S.') 

I'nt doe: Icneth of life, 


1 

442 

10 .6 

75.4 

40.5 

12.75 

30 hours 

2 

0 

515 

17.1 

71.4 

43.8 

7.30 

Moderntoly fat doe: 


1 

490 

14.4 

03.0 

55.1 

6.75 

length of life, 50 hours 


2 

510 

55.0 

119.0 

46.5 

0.30 


3 

0 

515 

11.4 

75.7 

51.4 

11.30 

Bat doe: Icneth of life, 


1 

400 

8.1 

83.3 

52.3 

10.55 

60 hours 


2 

460 

18.5 

100.0 

51.2 

10.40 


4 

0 

510 

7.7 

07.7 

46.2 

8.60 

Moderately fat dog; 


1 

467 

7.4 

109.8 

50.9 

8.45 

loneth of life, SO hours 


2 

400 

13.3 

81,6 

53.7 

8,02 



8 

450 

15.7 

119.0 

57.5 

7.75 


S 

0 

542 

11.0 

56.5 

47.7 

7.25 

Fat doe: Icneth of life, 


1 

467 

9.0 

70.9 

52.5 

0,85 

130 hours 


2 

480 

13.9 

52.2 

62,8 

6.65 



3 

605 

15.7 

62.5 

57.5 

6.41 



4 

480 

10.3 

64.9 

54.7 

0.13 



5 

470 

4G.7 

88.2 

5^.0 

-.97 


6 

0 

520 

9.9 

60.7 

49.0 

13.25 

Fat doe: length of life, 


1 

463 

7.5 

Ill.O 

52.8 

12.80 

130 hours 


2 

380 

12.5 

00.6 

54.7 

12,20 



3 

420 

14,5 

100.0 

55.0 

11.63 



4 

425 

59.1 

94.3 

55.1 

11.24 



5 

385 

84.0 

80.4 

50.2 

11.05 



Blood for chemical analysis was obtained from the jugular vein before oper- 
ation and at twenty-four hour intervals thereafter until the death of the animal 
(tables 1 and 2). The blood chlorides were determined on the tungstic acid 
filtrate, as suggested by Gettler.'’ The blood for the carbon dioxide-combining 
power was collected under oil and determined by the method of Van Slyke and 
Cullen ;e the urea nitrogen was determined by the Van Slyke and Cullen ^ modi- 

5. Gettler, A. O. : Method for Determination of Death by Drownine 
J. A. M. A. 77:1650 (Nov. 19) 1921. 

6. Van Slyke, D. D., and Cullen, G. E.: Studies of Acidosis: The Bicar- 
bonate Concentration of the Blood Plasma; Its Significance and Its Determi- 
nation as a Measure of Acidosis, J. Biol. Chem. 30:289, 1917. 

TT Cullen, G. E.; A Permanent Preparation of 

Urease and Its Use for Rapid and Accurate Determination of Urea TAMA 
62:1558 (May 16) 1914. ’ 
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fic.-ition of the Marshall method, and the sugar by the method of Folin and Wu.« 
ihe protein- free blood filtrates were made by Haden’s modification of the 
original Fohn-Wu tcclmic.® 

Tavu: 2.~Ol>slntc(ioii of the Uhper Jejunum of the Dog When the Animals 
If' cec Permitted to Drink Water ad Libitum 


Illoofl, JIc. per 100 Cc. Cnthon 


Dny 

t 

... 

^ 

Dioxide- 



Chlorides, 

Urea 


Comhlnincr 


Aflvr 

Nitrogen, 

, SuKar, 

Power, 

Bodv' 


Olistntc- 

Mn. per 

Mn- per 

Jfn. per 

per Cent 

•Wetelit. 

tlon 

100 Cc, 

100 Cc. 

100 Cc. 

by Volume Tig. 

Comment 

0 

ISO 

12.C 

59.4 

48.5 

7.43 

Moderately fat dog; 

1 

444 

.32.8 

81.3 

49.2 

7.03 

length of life, 66 hours 

O 

oSo 

30.4 

72.2 

53.7 

0.75 

0 

W 

1S.2 

CS.l 

42.5 

7.05 

Moderately fat dog; 

1 

•107 

1S.3 

80.9 

47.7 

7.20 

length of life, 116 hours 

n 

3S5 

27.0 

87.3 

03.2 

0.90 

3 

.3or. 

•50.8 

78.7 

07.2 

0.85 


4 

203 

83.5 

117.0 

07.1 

0.60 


5 

2C0 

122.0 

207.0 

41.0 

6.15 


0 ■ 

530 

7.7 

83.1 

53.7 

9.00 

Moderately fat dog; 

1 

■<75 

0,9 

84.4 

52.3 

8.70 

length of life, 158 hours 

2 

4m 

4.7 

77.1 

53.1 

8.83 


n 

4C0 

7,2 

02.1 

52.4 

8.55 


1 

302 

13,5 

84.0 

51.8 

8.23 


{’ 

331 

32.1 

105.1 

5S.1 

7.95 


G 

203 

65,2 

114.1 

05.5 

7.60 


0 

<S.) 

10 0 

50.7 

43.7 

9.95 

Moderately fat dog; 

1 

<70 

13.7 

77.8 

48.4 

9.85 

length of life, 260 bouts 

o 

m 

JO.O 

72.7 

48.1 

9,65 


3 

•122 

oil 

94.4 

4C.S 

9.75 


4 

430 

5..5 

80.3 

6S.4 

9.40 


5 

435 

0.8 

79.9 

52.8 

9.38 


G 

430 

9.S 

70.4 

50,6 

9.05 


7 

430 

lO.I 

60.8 

54.0 

8.95 


8 

400 

10.3 

02,7 

54.2 

8.65 


0 

425 

33.1 

128.1 

05,4 

8.63 


10 

420 

41.1 

351.0 

35.3 

7.93 


0 

400 

7.8 

02.5 

51,3 

12.55 

Fat dog; length of life. 

1 

418 

9.3 

77.6 

57.5 

12.50 

264 hours 

2 

379 

8.4 

07.2 

59.3 

12.25 


3 

400 

lO.G 

67.8 

62.1 

12.15 


4 

429 

13.3 

70.1 

66.6 

11.80 


5 

3S0 

13.8 

76.0 

70.6 

11.35 


c 

349 

11.7 

75.7 

70.3 

11.15 


t 

350 

18.7 

71.3 

n.4 

10.85 


s 

330 

14.1 

79.4 

72.8 

10.65 


g 

248 

44.4 

100.2 

78.1 

30.20 


10 

271 

SG.S 

104.8 

79.1 

9.93 


11 

202 

72.8 

104.0 

101.2 

9.35 


Q 

490 

0.1 

\ 

70.1 

57.2 

1G,S0 

Fat dog: length of life. 

1 

2 

40S 

425 

8.9 

15.3 

74.2 

07.9 

59.0 

56.7 

:g.40 

15.95 

182 hours 

3 

440 

15.9 

57.0 

GO.G 

15.75 


4 

412 

32.7 

05.8 

58.7 

15.65 


5 

391 

58.1 

65.2 

58.1 

15.35 


0 

344 

59.0 

80.0 

54.4 

15.35 


7 

280 

02.8 

93.0 

59.3 

14.00 


S 

293 

03.S 

113.8 

64.5 

13.88 

— - 
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OBSERVATIOXS AND COMMKNT 

As the experiment progressed, the blood chlorides oC the dogs 
receiving no water showed only a small drop compared with tliosc of 
the dogs that were allowed water. The greater fall in chlorides found 
in the animals receiving water is probably due to a washing of the 
chlorides from the stomach and upper intestine by persistent vomiting. 
Dogs receiving water showed a greater rise in carbon dioxide-com- 
bining power. The urea nitrogen showed 'the characteristic increase in 
both series. The increase was generally most marked in the animals 
living the longest. There was an increase in blood sugar in every 
animal in each series. The greatest change was found in the animals 
living longest. 

In spite of the lesser effect on the chemical composition of the blood 
shown in the animals to which no water was given, these animals did 
not live so long as those that were allowed water and that showed 
marked changes in the blood. The average length of life of the animals 
not receiving water was eighty-two hours, while those receiving water 
lived an average of one hundred and seventy-two hours. 

A study of the body weights shows that the rate of loss in weight 
was not so rapid in the animals receiving water as in those that did not. 
This would point to some absorption of water from the upper gastro- 
intestinal tract, which may in part explain the greater length of life of 
these animals. The state of nutrition of the animals did not appear to 
have any bearing on the length of life. 

SUMMARY 

1. The upper part of the jejunum was obstructed in twelve healthy 
adult dogs. Six of them were deprived of both food and water, and six 
were deprived of food but given water ^reel 3 ^ 

2. The animals deprived of water showed relatively little change in 
the blood chlorides, carbon dioxide-combining power and sugar com- 
pared to the animals to which rvater was freely administered. 

3. The animals showing great change in the chemical composition 
of the blood lived longer than the animals showing little change. 

4. The rate of loss in body weight was slower in the animals 
receiving water than in the animals deprived of water. This would 
suggest that water absorbed from the upper gastro-intestinal tract 
helped to prolong the lives of the animals. 

5. These experimental findings suggest that continuous lavage of the 
stomach in acute intestinal obstruction is a beneficial part of the 
treatment. 
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Iliat (liJatation of the ureter will result from obstruction is apparent,, 
but that it may be acquired in the absence of any form. of mechanical 
obstruction is perhaps less obvious and at first g^lance paradoxical. 
.-Vtony of the ureter, by which is meant loss of functional ability of 
the muscle of the ureter, whereb}’’ peristalsis is weak or absent, was 
first recognized by Russian observers as a cause of ureteral dilatation. 
Further, the}' conceived the idea that atony and dilatation may result 
from inflammation. In this countiy Braasch repeatedly has called atten- 
tion to this inflammator}’- dilatation, but by most observers such a possi- 
bilit}' has not been appreciated or has been frankly doubted. 

It is also true that certain obstructive factors commonly assumed to 
cause ureteral dilatation are in fact of obscure mechanism. Thus, there 
has been much speculation over the ureteral dilatation which accom- 
panies pregnane}', and also over that which occurs with prostatic obstruc- 
tion. The frequent association of these questionable obstructive factors 
with ureteral infection makes any appraisal of the part the latter may 
play a matter of interest. It was for the purpose of investigating these 
aspects of ureteral dilatation that I undertook this study. The extensive 
review of the literature which preceded my own work is omitted from 
this paper. 

MATERIAL 


The material investigated was obtained at necropsy in one hundred 
unselected cases. The causes of death were representative of many 
types of disease. Sixty-eight subjects were males and thirty-two were 
females. All decades of life up to the ninth were represented; there 
were eight subjects in the first decade. 


METHOD 


In each case the ureters were carefully inspected in situ. Their re ation 
surrounding structures and the relation of the state in which thej appearc 
any disease of surrounding structures were noted. This included attention 
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of Master of Science in Urologj% May. 1931. The work was done « i 
was a Fellow in Urology, the Mayo Foundation. Rochester. Minn. 



SCOTT-niLATATlON Of VKIiTIlR 


297 


presence of supernumerary vessels to the kidney, to the effect of pressure from 
the ductus deferens, and to the seminal vesicles, bladder, prostate pland, urethra 
and female pelvic structures. A no. 24 French urethral .sound was passed in each 
case in which, judging from the history or from the lesions found, urethral 
stricture might have been a factor. 

The ureters were then carefully removed, with the kidneys, bladder and prostate 
gland attached, and the bladder was opened anteriorly for inspection. In eighty- 
eight cases, ureterograms or pyclo-ureterograms were then made in the following 
manner ; 

The pelves and ureters were first gently strijipcd to insure complete emptying. 
Tips of Garceau catheters were tied lightly within the ureteral orifices by a stitch 
taken in the surrounding vesical tissue, and the ureters and pelves were filled by 
gravity from a height of 34 cm. A 30 per cent solution of sodimn bromide was 
used. This solution at this height has a pressure equivalent to 30 mm. of mercury. 
This pressure filled the ureter gently. In two eases incomplelc filling was noted. 
However, the least possible pressure seemed desirable, and this pressure probably 
approximated that used clinically. 

The contour of the ureter was observed as it filled, and the amount of solution 
required to fill the pelvis and ureter was recorded. The place where the internal 
diameter of the ureter was smallest was found, and was measured by passing 
ureteral bulbs. The bulbs were tried in decreasing sizes on the French scale, until 
one was found which would enter and pass up the ureter without meeting obstruc- 
tion to very gentle pressure. The largest bulb which would just pass in this way 
was taken as the smallest diameter of the ureter. 

The widest diameter of each ureter was measured after the ureter had been 
opened longitudinally along its anterior aspect. By gently extending the ureter to 
the limits of its lateral elasticity, the internal circumference could be measured 
and the diameter calculated. In a third of the cases the diameter at the narrowest 
point was measured in this way. The diameter of the ureter when measured on 
the roentgenogram was found to correspond closely with the internal diameter 
measured on the ureter at the same level. Discrepancies which occurred in some 
cases were due to the filled ureter being markedly oval rather than cylindric. 

From two to six cross-sections, including the whole circumference, were taken 
from various levels of each ureter for microscopic study. These were stained with 
iiematoxjdin and eosin, and by van Gieson’s method for fibrous tissue. 

The measurements and roentgenograms were completed in from two to four 
iiours after death in most cases, so that postmortem changes affecting the dis- 
tensibility of the ureter were negligible, except as will be referred to later. The 
average examination was complete within six hours after death, and not more 
than twelve hours elapsed between death and completion of the examination in any 
case. With each case the history was reviewed for symptoms or clinical findings 
possibly referable to the urinary tract, and especially for lesions of the central 
nervous system which might affect the nervous mechanism of the urinary tract. 

The data from which information was drawn may be summarized as follows; 
(I) clinical history and examination, (2) inspection of the ureter in situ, (3) con- 
tour of the filled ureter after removal, (4) the measured internal diameter, 
(5) measurements of the capacity of the ureter and pelvis, (6) ureteropyelograms 
(post mortem) and (7) microscopic sections. 

In deciding the status of any ureter, it must be remembered that individual 
variations in form and size are great, and that any set standards for the normal, 
although helpful, must be arbitrary' and may mislead. Since it was realized that 
normally narrow ureters may become dilated and still be in the range of many 
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consi ! ' f ■, ^ 'T'ci ‘ypc. need not do so, each ureter was 

50t"rccs accumulated from all available 


DTAJIKTCK 

Mcasiirciiiotits of iiUcrtuil diameter were made of seventy-two nor- 
mal liglit ureters ;md of seventt-threc normal left ureters of adult 
subjects. Measured at the widest point of each ureter, the average 
diameter of tlic right ureter was 6.2 mm., and that of the left ureter, 
5.6 mm. 1 he variatio/i was from 3 to 9.5 mm. Measured at the 
narrowest jroint of each ureter, the average diameter was 2.6 mm. for 
both right and left ureters, the A'ariation. being from 1.3 to 4.6 mm. 
Ihe situation of the narrowest point of the ureter was at the orifice in 
31 per cent of cases and in the lowest 4 cm. in 82 per cent of cases. 


CAPACITY 

Measurements of the capacity of the ureter and pelvis of adults were 
made in forty-nine cases on the right side and in fifty-three cases on the 
left side. The average capacity on the right side was 11.5 cc., and that 
on the left, 10.5 cc. The variation on the right side was from 5 to 
20 cc., and that on the left side was from 4.5 to 18 cc., except in one 
case. In this case, in which the ureters and pelves must be considered 
to have been normal, the capacit}' was 30 cc. The subject was very 
large, and died of mj'ocardial failure. The right kidney weighed 
187 Gni., and the left, 227 Gm. The kidneys appeared normal, except 
that a large, solitary cyst was observed on the convex border of the 
left kidne3^ There was no reason to believe that this had in any wa} 
interfered with renal drainage. There was considerable hypertropli} 
of the prostate gland, but without evidence of obstruction to the bladder. 
The ureters were normal. The large capacity was evidently due to the ^ 
unusual number of large, branching calices. The capacity of the cone- 
sponding kidney could not be accuratel}' measured becavrse of the rear i 
ness with which p3'eIovenous backflow occurred. 

OCCURRENCE OF URETERAL STRICTURE 

Clinical determination of ureteral stricture has been by the han^ 
of the ureteral bulb and by the ureterographic shadow. The fallacy 
the bulb method was demonstrated b3' Frater in postmortem sfiif} 
ninety-three cases, and his experience was confirmed in the pres 
series. Repeatedly, in cases in which hang was obtained, there va- 

microscopic or gross evidence of stricture. 

The pyelographic evidence of ureteral stricture is loca izec nar 'J 
of the ureteral shadow, with dilatation of the ureter a!)0\c. 
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spasm is distinguished from stricture by absence of dilatation above the 
narrowing. Incomplete filling must also be distinguished. 

In considering the question of ureteral .stricture, it has been assumed 
heretofore, in postmortem studies, that the factor of spasm is eliminated. 
That spasms do occur post mortem was repeatedly demonstrated in this 
series of ureters. 

Narrowings of the urcterographic shadow occurred not infrequently 
. in this series. They suggested spasm in that there never was dilatation 
abot’e them. Also, they occurred more often in ureterograms tak'cn 
soon after death than in ^hose taken after some delay. In one case 
the narrowing was sufficient completely to block injection of the medium 
6irtil a pressure of 100 mm. of mercury was reached, when a normal 
renal pelvis was outlined above. 

In another case it w'as possible gently to exj^ose the right ureter 
half an hour after death. Pinching with forceps sent the upper third of 
the ureter into visible spasm, which persisted until the pyelogram was 
taken an hour later. On opening the ureter at the point of narrowing, 
the mucosa was seen to be in the longitudinal folds characteristic of 
contraction. Microscopic sections taken at these narrow points showed 
no evidence of stricture ; that is, the ureteral structure was normal, 
without increase in fibrous tissue or evidence of inflammatory process. 
Evidently, then, these narrowings are caused by spasm. 

Stricture of the ureter of intrinsic inflammatory origin has been the 
. subject of many clinical reports and much controversy in the past. As 
has just been shown, the clinical difficulties of demonstration of stricture 
also exist for the gross determination of stricture after death. In the 
latter case, however, microscopic check on the diagnosis is possible. 
With inflammatory stricture there should be microscopic evidence of 
its presence. Such stricture, due to localized increase of connective 
tissue, the result of a primary, inflammatory process in the ureteral wall, 
was not found in this series of cases. 

Narrowings of the ureteral lumen which were evidentlj' interfering 
with ureteral function, since there was dilatation above them, occurred 
in four cases. Two of these were strictures at the orifice, the result of 
vesical disease. In one of these two cases, the narrowing was the result 
of infiltiation by a tumor, and in the other, of infiammator}’ reaction 
to surgical diathermy. In the other two cases the narrowing was eaused 
In- involvement of the ureter in periureteral scar tissue which had 
formed postoperatively. 


URETERAL DtLATATIOX 

In twenty-five of the hundred cases, dilatation of one or both of the 
ureters or pelves was found. In a number of cases, at necropsy, the 
cause of the dilatation was found to be obstruction. In other cases. 
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obstniclion Iiacl been ])rescnt previously, as was noted from the histories 
o the cases. Jn another gi-otip of cases, however, there was neither 
obstruction nor a history of obstruction. Consideration of a number of 
cases of this ^rrouj) made it seem evident that infection of the ureteral 
M-all, leading to aton3% was the cause of the dilatation. In other cases, in 
which obstruction was present, inflammation undoubtedly was a con- 
tributor)- factor. 

i he causes of ureteral dilatation in this series may be grouped as 
follows: stricture of the ureter resulting from local causes, four cases ; 
mechanical obstruction from an aberrant renal vessel, from a fibro- 
myoma of the uterine cervix or from a vesical tumor, one case each; 
stone with ureteritis, two cases ; pelvic inflammation involving a length 
of the ureter, two; pregnane)-, one case; multiparity associated with 
ureteritis, four cases; prostatic h3"pertroph)" associated with infection, 
three; insufficiency of ureteral valve, due to inflammation, two; inflam- 
mation of the ureter with no other associated cause, four; neurogenic 
origin (questionable), one case, and congenital origin, one. 

The following cases are selected as illustrative of the part played by 
inflammation in causing dilatation of the ureter. 


BEPORT OF C.lSES 

Case 1 . — Prostafism and ureteral infection. 

A man, aged 74, with a Iiistor 3 - of obstructive vesical sj-mptoms for eiglit years, 
died of renal insufficiency ten days after cystostomy. 

At necropsy, little, if any, enlargement of the prostate gland was found. It 
was, however, inflamed and contained many^ calculi. There were marked hyper- 
trophy of the vesical wall, with many cellules, and severe cystitis. Both ureters 
and renal pelves were found enormously dilated. On the right side the capacity 
was 75 cc., and on the left side, 95 cc. The right ureter varied in diameter from 
3.3 mm. at the orifice to 16.6 mm. at its widest part. The diameter of the e t 
ureter varied from 3.6 mm. at the orifice to 13 mm. at its widest part. The mucosa 
of each appeared injected and edematous throughout. 

Microscopically, both ureters presented the appearance of acute 
imposed on chronic infection. The submucosal layer was edematous and m 
with polymorphonuclear leukocytes. There was much young connective is 
with large and small lymphocjdes. The muscular layer was poor y . 

infiltrated with polymorphonuclear leukocytes. The adventitia was 
by groups of lymphocytes and young connective tissue «lls. The pros b 
was evidently obstructing the bladder. However, it was notable f ‘ 
wall of the bladder was greatly thickened the diameter of ‘ 

of the ureter was more than the average. Such a condition is i i 
with the view that the hypertrophied vesical wall obstructs the urc . 
that the lower part of the ureter becomes distorted by enlargemen 
gland is not applicable here, since actual enlargement of 
Whatever the cause of obstruction to the ureters in cases o P 
tion may be considered a frequent contributory factor to the i 
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Case 2. — Incompetence of the ureteral orifice caused by injlainnialion. 

A man, aged 67, died of acute diffuse pycloneplirilis and bronclioimeumonia. 
Nine years previously a papilloma had been removed from the bladder. .Since 
then be bad bad increasing frequency and occasional beinaturia on straining. 

Necropsy disclosed suppuration but only slight enlargement of the prostate 
gland. The bladder was of small capacity, of irregular shape, much scarred and 
acutely inflamed. The right ureteral orifice was gaping and rigid. Regurgitation 
through it had been demonstrated a week before death. A pyclogram made post 
mortem gave evidence of a normal left ureter and pelvis. The right ureter and 
pelvis were markedly dilated, with a capacitj' of 35 cc. (fig. 1). The internal 
diameter of the right ureter varied from 3.3 to 11 mm. The kidney was atrophied, 
and weighed onl}’ SO Gm. Sections of the intramural portion of the right ureter. 



Fig. 1 (case 2). — ^Right ureteral dilatation due to gaping ureteral orifice, the 
result of infection. 

as well as of the same ureter higher up, contained masses of lymphocytes and 
young connective tissue cells in all the layers. It was evident that the incom- 
petence of the ureteral valve was due to its inflammation. 

Case 3.— Dilatation due to inflammation (right) ; dilatation due to obstrnctiom 
(left). 

A man, aged 59, died of coronary sclerosis. It was known that he had had 
a carcinoma of the bladder for five years, but the situation of the growth and 
the patient’s condition made operation inadvisable. 

Necropsy disclosed a solid, sessile tumor 4 cm. in diameter situated on the 
base and left posterior wall of the bladder. The left ureteral orifice was obscured 
at the edge of the growth. There were three smaller implants in the dome of 
the bladder. Intense cystitis was present. The left ureter and pelvis were enor- 
mously dilated, with a capacity of 650 cc. Only a shell of the renal tissue 
remained. The dilatation of the ureter was notably even throughout. 




Fig. 3 o;. -cross-section of the left ureter (fig. 2); enorn 

was LVSen^xTr"" 
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The right ureter, however, was not obstructed, and dilatation of its lower half 
was evident. Tbc dilatation here was not so large as that of the left ureter, and 
was irregular. The internal diameter of the right ureter varied from 3 to 9.0 mm. 
At the orifice, the diameter was 4.6 mm. The capacity of the ureter and pelvis 
was 18 cc. Grossly, there was some injection of the ureteral mucosa (fig. 2). 

Microscopic sections from various levels of the obstructed left ureter disclosed 
enormous development of the musculature (fig. 3). The mucosal and submucosal 
layers were thinned. Inflammatory reaction was practically absent. 



Fig. 4 (case 3). — Cross-section of the right ureter taken from the dilated 
portion at the same level of the ureter as that in figure 3. There was no muscular 
hypertrophy, but evidence of inflammation may be noted ; X 105. 


Sections from the unobstructed right ureter contained muscle that stained 
poorly, and gave evidence of marked infiltration, with grouped and scattered small 
round cells and polymorphonuclear leukocytes. In portions, the submucosa 
appeared edematous. There was no increase of connective tissue in sections of the 
narrow portion of the right ureter seen in the pyelogram. It is probably more 
correct to regard such a portion as one in which dilatation had not taken place 
rather than as a region of stricture. 

The different characteristics of these two ureters must indicate a difference in 
the etiology of the dilatation. On the left was enormous, smooth dilatation, without 
evidence of infection of the ureter and with marked hypertrophy of' ureteral 
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nmsuilntiirc. At liie ureteral orifice was tlefiuitc cause for obstruction. On the 
r pIU uns a dilataDou of more modest extent, auci with irregularity of outline. 
J here was no obstructiou and in the ureteral wall no muscular hypertrophy, 
)ut there were marked mnammatorr chatiges (fig. 4). It was concluded that this 
teas dilatation due to innammatioii of the ureteral wall. 

Cask A.—lnjcction, the cause of dilated calices. 

A man, aged 75, died of sarcoma of the right a.viJla with metastasis. Occasional 
nocturia during the la.st four years was the only urinary symptom. The urine had 
contained occasional erythrocytes and pus cells. 

At necropsy, very .slight enlargement of the prostate gland, of the median bar 
t> pc, was found. Postmortem pyclograms disclosed apparent clubbing of all 
calices, without dilatation of the ureters. The capacity of the right pelvis and 
ureter was 17 cc., and that of tlie left pelvis and ureter, 15.5 cc. On opening each 
pelvis, severe innammatioii was evident. The ureters gave no evidence of infection, 
cither grossl}’ or microscopicalh-. Inflammation appeared to be the sole cause 
of the dilatation of these calices. The bladder was norma! and gave no evidence 
of having been seriously obstructed by the prostate gland. 


Case 5. — Ureteral iiiftaiiiiitation. 

A man, aged 62, had been under observation for five years because of diabetes 
and associated cystitis. Four large vesical diverticula, which did not empty, were 
known to be present. Five years previously a stone bad been removed from the 
lower part of the left ureter, after four weeks of symptoms. Death resulted from 
acute renal infection two weeks after the development of symptoms. 

At necropsy, left pyonephrosis, with atrophy of the kidney, was noted; the 
kidney weighed only 100 Gm. The right kidney weighed 250 Gm. Both ureters 
were dilated, tortuous, sacculated throughout and kinked secondarily. Tlie 
diameter of the left ureter varied from 3.3 to 12.6 mm., and that of the right 
ureter, from 3.3 to 8 mm. A small, contracted bladder with severe cystitis and diver- 
ticulitis was noted. There were marked injection of the mucosa and some thicken- 
ing of the ureters and pelves. 

Microscopic sections of both ureters disclosed dilated blood vessels, many young 
connective tissue cells and much infiltration with inflammatory cells. There was 
no evidence of obstruction of these ureters. There ivas no trace in tlie ureter of 
the former ureterolitliotom 3 c The prostate gland was small, and there liad been no 
obstructive vesical symptoms. 

In the absence of obstruction it seems that dilatation of these ureters m«s 
have resulted from ascending infection of the ureteral wall with resultant atonj. 


COMMENT 

From analysis of the foregoing cases it seems evident that inflamma- 
tion is not an uncommon factor in ureteral dilatation. It often acts as 
a contributor}'’ cause, and it may be, in the absence of mechamc. 
obstruction, the only factor in the dilatation. The effect of inflamma i 
on the ureter is conceivably one of interference witli function anc a( 
of the ureteral wall, lessening the resistance of the ureter to 
from within. The dilatation of inflammation has certain 
It is irregular, giving an irregular ureterographic oiUhnc. ^ ^ 

reaches the large size often seen with obstruction. J 
picture is one of inflammation rather tiian one of muscular i . i 
as is often the case in obstructive dilatation. 
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That ureteral dilatation always accompanies pregnancy seems to be 
an established fact. It is generally assumed that the dilatation is due to 
mechanical obstruction, although the precise manner in which it occurs 
is not yet clear. Of interest in this connection in this series were two 
deaths occurring during pregnancy, one in the fourth month and one in 
the second month. Marked ureteral dilatation was noted in the first 
case, whereas in the second the ureters were normal grossly and micro- 
scopically. It is conceivable that the uterus in the latter case had not 
reached sufficient size to cause pressure at the pelvic brim, if there is 
anything in the hypothesis that such pressure causes dilatation. 

That the dilatation of pregnancy docs not always persist is evident 
from the fact that in this series six multipara's who had been pregnant 
from three to eight times had ureters and pelves which were normal 
grossly and microscopically. 

Five multiparas in this series had dilated ureters. Chronic inflam- 
matory changes were evident in the ureters of four on microscopic 
examination. It seems, then, that the inflammatory changes had pre- 
vented the return of the ureter to normal. In the fifth case, in which 
the ureters were without inflammatory change, a neurogenic origin of 
the dilatation could not be ruled out. 

Many explanations have been offered as to the mechanism of the 
ureteral dilatation which occurs with prostatic hypertrophy. The truth 
probably is that no explanation will suffice for all cases. 

That it was not due to distortion or kinking of the lower end of the 
ureter by the enlarged gland was exemplified in case 1. Interference 
with ureteral emptying by hypertrophy of the vesical wall does not seem 
a satisfactory explanation (case 1). There were seven cases in which 
hypertrophy of the vesical wall was marked and in which there was no 
iireteral dilatation. In two cases in which the vesical wall was thinner 
than usual the ureters were dilated. 

There were twenty-nine cases of prostatic hypertrophy in this series. 
In twenty of these there was no ureteral dilatation. These ureters were 
microscopically free from inflammation except in one case, in which 
acute pyelonephritis was terminal. From the character of the dilatation 
in ceitain cases, it is a fair conclusion that inflammation was at least a 
contributory cause, either by its effect on the ureteral valve or by 
causing atony of the wall of the ureter. 

SUJIIIARY AND CONCLUSIONS 

The diameters of normal ureters may vary within wide limits, both 
at the widest and at the narrowest points. 

The capacity of the normal ureter and pelvis in adults was found to 

vary from 4.5 to 20 cc. An unusual case in which the capacitv was 
viO cc. was found. 



306 


ARCHIVES OF SURGERY 


Ureteral stricture of intrinsic inflaininatory origin was not found in 
this study. 

Ureteral spasm ma}’’ occur soon after death and be evident in post- 
mortem iryelograms. 

Dilatation of the ureter can result from inflammation of the wall of 
the ureter in the absence of mechanical obstruction. Such dilatation 
presents anatomic and clinical characteristics. 

Involvement of the lower part of the ureter in pelvic inflammation, 
by interfering with ureteral function, may cause dilatation of the upper 
])art of the ureter and renal pelvis, without actual obstruction. 

Chronic ureteritis will cause the ureteral dilatation that occurs in 
pregnancy to persist. 

The ureteral dilatation associated with prostatic hypertrophy may 
have an obstructive cause, although the mechanism is as yet not clear. 
Ureteral inflammation is frequent^ a contributing factor and may be 
the only factor. 



CHROMATOPHORE (MYO-EPITMELIAL) TUMORS 
OF TliE MAMMARY GLAND 

ARTHUR E. HERTZLER, M.D. 

HALSTEAD, KAK. 

For more than twenty years I have l)een acutely sensible of the 
fact that certain globular cancers of the breast present a particularly 
bad prognosis. In addition to their external form, they present a 
varied histologic structure which requires the assumption of a wide 
latitude of cell metaplasia to keep them \Yithin the group of epithelial 
tumors. 

Recently I encountered a patient whose tumor seemed to be a con- 
necting link between the aforementioned group and the intracanalicular 
flbro-adenomas. As the cells of this tumor seemed to spring from its 
subepithelial cells, I am calling growths of this type chromatophore 
tumors, realizing that this is little more than a symbol. Since they do 
not produce pigment, one cannot call them melanomas, though they 
duplicate the histologic structure of the pigmented tumors in a striking 
manner. Amelanotic melanomas would be a more accurate though 
cumbersome designation. 

The use of a term suggesting pigment-producing potentials has a 
justification in that morphologically the subepithelial cells can be traced 
from the surface skin down the ducts for vai'ying distances. The 
epithelium of intracanalicular fibro-adenomas is composed of several 
layers, and though the lower layer cannot be morphologically’’ proved 
to have a relationship with the chromatophores of the skin, the clinical 
course warrants consideration of the possibility of such a relationship. 
Since so little is known morphologically' of chromatophore cells, the 
failure to demonstrate them about the ducts can have little weight. 
Perhaps those sufficiently skilled in microtechnic may be able to add 
something to the knowledge concerning the nature of the subepithelial 
cells found about the ducts and in the epithelial layers of these tumors. 
The term "niyo-epithelium” has been applied to certain subepithelial 
cells. Though it is sanctioned by high authority, it seems to assume 
a hybrid among cells. 

At any rate, “myo-epithelium” suggests nothing to the surgeon, 
while “chromoma” at once calls up the picture I desired to present! 
Not only does the life history of this tumor resemble the chromomas, 
but the histologic structure as well closely resembles the varying picture 
seen in chromomas. 



308 


.•IRC I urns or surgbr] 


Most surgeons, I believe, arc now in the habit of regarding pig- 
mented tumors as forming^ a class of their own. Certainly nothing 
m the jxitliologic literature is more confusing than the attempts which 
ha\ c been made h}' ])athologists to place the pigment-bearing tumors now 
with the sarcomas and now with the epitheliomas, neither of which they 
resemble either in morphology or clinical course. 

The patient was 49 3 -ears of age when she first noticed a tumor in her breast. 
She liad been conscious of its presence for onh^ three months. I believe this 
obscr\ation was correct, for I removed a goiter from her seven 3 'ears before which 
resulted in nwxcdema. In order to stud 3 ' this condition she was kept under close 
observation, and no tumor was discovered in previous examinations. When she 
presented herself on Jan, 16, 1931, she had a tumor which was globular, slightl}- 
bosselatcd, denseh- elastic and frech- movable without aiw attachment at aiw point. 



Fig, 1. — Tumor obtained at the first operation, natural size. Somewhat 
irregularh' spheroidal, it shows slight lobulations with several small C3'sts. The 
generalh' pale pinkish surface is traversed b}- paler fibrous bands. 


It lacked none of the clinical signs of an intracanalicular fibro-adenoma except its 
appearance late in life and its apparently rapid dei-elopment. 

The first operation, which consisted in the resection of that part of the hreas 
which harbored the tumor, was done on Januar)' 17. The tumor, on .section, 
showed indefinite lobulations with here and there small cysts in an othcrvi . 
pinkish-white surface (fig. 1). A diagnosis of intracanalicular fibro-adenoma was 
made in the operating room with but slight misgiving. 

The patient returned on September 14, with a large recurrence, an a . 

mastectomy was done. The cut surface of this new tumor showed marked 
formation with a pinkish-white border of rarying thickness. The solid par 
fained some areas of blood infiltration. The tumor still bore gross re a ‘ . 

the intracanalicular fibro-adenomas (fig. 2). The protrusions m tic c\s 


were distinctly intracanalicular. , . . ,^,.,5 

On December 11, the patient returned with a renewed recurren , 
represented by a number of distinct tumors, of well defined 
movable against their environment and independent of each otlicr. 



Fig. 2. — ^Tumor obtained at the second operation, natural size. The left half 
is made up of pinkish-white areas with here and there some hemorrhagic areas. 
The right half is made up of a cystic area with trabeculated walls. 



Fig. 3.— Second recurrence, natural size. Four distinct tumors, generally 
c.Kpansile in growth, are in evidence. They still retain evidence of the cyst and 
lobule formation which characterized the primary growth. 
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. C cc cliarnctcnstic of epithelial inaligiianf recurrences. On section, these 
tiMiors .showed a paler pinlc surface than the preceding- recurrence, but w'ere still 
cy.stic in (lart.s (fig. 3). The impression these tumors gave on clinical examination, 
and likewise on section, was that of a recurrent amelanotic melanoma as one sees 
fins in recurrences in tumors of the skin. 


Jlie tumor fpiick-ly returned, and the patient died on April 19, 1932, fifteen 
months after the first operation. There was marked local destruction (fig. 4), with 
e.xfcnsive metastasis in the axillary and mediastinal lymph glands as well as in the 
lungs. In the local destruction of tissue as w'cll as in the site and manner of 
iiuasion the tumor simulated certain melanotic tumors. The autopsv was done by 
Dr. C. Alc.vander Helhvig, who supplied the photograph and tissue. 

Histologically, t!ie most interesting phase w'as the apparent beginning of the 
malignant growth from cells lying beneath the surface epithelium of the intra- 
canalicnlar papillations (fig. 5 A). The part of the primary tumor not involved 
in the malignant growth was for the most part myxoid in structure with areas 



Fig. 4. — Appearance of the tumor area after death. The extensive invasion 
which the tumor had made is in evidence. 


of distinct lipoid structure. The epithelium of the grow'th w'as untouched hot i in 
the original tumor (fig. 55) and in the recurrences (fig. 6). In the primary tumor 
the cells w'ere spindleform or ovoid. As the rate of grow'tli increased, tie ce s 
became more globular and resembled fully the cell forms in the most 
growing melanotic tumors. The protoplasm was more or less draw n into pro ong< 
tions and in most areas presented a poorly staining intercellular stroma («g- ; 

The more rapid the growth, the more irregular the cells became. In tlie *1 . 

developing parts of the tumor, cells formed about the lumen of a vesse • 
sees them do in rapidly growing teratomas, as in those of the kidneys and 

Of great interest to me is the fact tliat a number of eminent pa 
omsts who e.xamined slides from these tumors varied . 

opinions as to the nature of the growth. These it 

a belief that the growth was unquestioned sarcoma to ^ ' , 
was carcinoma with pronounced metaplasia. ben pat lo o..,i. 




Fig. S. — Slide from the primary tumor. In A, the cells arc most numerous 
just beneath the epithelium. At a greater depth the cells become more spindle- 
form. In B, a high power magnification, the epithelium is shown intact. Beneath 
the epithelium, the cells are seen to contain large nuclei with many granules. 



Fig. 6.--Shdc from the second recurrence. In A, the cells are larger and more 
deeply staining than in the preceding figure. The surface epithelium forms an 
nmoudied and unbroken layer. In B, high power magnification, the cells arc 
shown with large granular nuclei. 





Fig. r.— Slide from the second recurrence. In yj, (lie entire field is made up 
of a liomogeneon.s cell ma.ss witli relatively few small vessels. In 5, high power 
magnification, arc shown cells of varying forms hut the main type is constant. 
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agree on the histologic nature of a tumor group, the surgeon is warranted 
in adopting a classification based on clinical observation which will be 

useful to him. _ . 

As this tumor in its life history reproduces so perfectly, botii m its 
gross manifestations and in its histologic structure, the rapidly growing 
melanomas of the skin, the provisional classification of this tumor with 
the melanomas seems to be warranted.^ 


I NTR ACAN ALICULAR RIBRO-ADEN OM AS 

It seems justifiable to interpolate here some observations on the 
genesis of intracanalicular fibro-adenomas which I have been able to 



Fig. 9. — Cross-section of a tumor of the breast, showing pseudo-encapsulation 
and lobular structure in parts of the tumor. 

make in the past. For this purpose the smallest tumors should be 
selected. 

The notable feature is that tumors scarcely larger than a pin’s head 
have the characteristics of large tumors (fig. 8). The epithelium 
is composed of several layers. The high power photomicrograph 
(fig. S, right insert) shows the double layer of cells. It is the lower 
of tliese layers from which the tumor here discussed seems to grow. 

It is noteworthy that these tiny tumors are perfectly encapsulated 
and are independent of any other changes in the mammary gland. They 

I. This judgment is based on previous studies made on chromomas- Ann 
Surg, 60:89 (July) 1914; 87:99 (Jan.) 1928; Surgical Pathology of the Skin 
Philadelphia, J. B. Lippincott Company, 1931, p. 145. 



ARCIIiniS OV SVkGERV 

.•lie Unnul nKM<!c„t;,liy n.,\v n.ul (lu-n in llie sliuly of normal mammae. 

i> .i.v near the triitl. a.s one c:m come to assume that in the develop- 
im-nt n( (In- duct a disturhance in tlie anlai^c Jias occurred, that these 
tumor." lepie.^cnl, in fact, a disturbance in the primary development of 
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I’lp. 10. — Cross-.«cc(iori of rccerreiicc. The tumors are surrounded by a pseudo 
capsule. The surface sliows lobulations with areas tending to cyst formation. 










Fig. 11. — S^ide from the tumor in figure 10. In the section is very 
with irregularly placed stroma. In B, the cells vary in size, shape and tinctori 
reaction. The stroma is fibroma-like. 

the gland. It is not without interest that in the rapidly growing parts 
of these tumors areas were found which resembled those foun 
accepted teratomas. The occurrence in the terminal duct is 
for in some of them acinus-like areas are found in conjunction 
areas showing distinct duct formation. 
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The case reported here somewhat in dctaii seems to suggest the 
possible nature of other spheroidal tumors of the breast which are less 
obviously related to primary benign tumors, but wliich run a similar 
clinical course. They are distinctly spheroidal, suggest an cx])ansile 
growth by tbeir pseudo-encapsulation, recur as distinct globular tumors, 
likewise expansile in growth, and arc equally vicious in their clinical 
course. Several such examples may be briefly presented : 

A woman, aged 64, first noted a lump in her breast six weeks before consulting a 
physician. Attention was attracted to the breast because of a slight pain. Four 
weeks later she had a severe pain in the armpit. A firm tumor the size of an egg, 
which the patient had not discovered, was palpable in the outer upper quadrant of 



Fig. 12. — Cross-section of a large pseudo-encapsulated tumor of the breast with 
lobulation and cyst formation. 


the left breast. Large glands were palpable in the axilla. Radical operation was 
performed. 

On section, the tumor was seen to be spheroidal with a well marked pseudo- 
capsule in some areas. The pale pink surface showed pseudolobulations (fig. 9). 

Eight months after operation the growth recurred. It was removed (fig. 10). 
The main tumor was the size of a lemon, and there was a smaller one the size 
of a walnut. The cut surfaces presented the same picture as the primary tumor. 
Both had a pseudocapsule. 

The microscopic structure was cellular, resembling tl 
testis (fig. 11 A). The cells were irregular in size, fd 
(fig. 11 B). There was some fibrin-like intercellular si 
melanotic tumors, particularly in the young, sometimes sh\ 

A woman, aged 51, a year before she sought medical ad 
tumor the size of a marble. .\ spheroidal slightly bossela 
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.>1 ;,n ..r.iiu;r was palj.al.Ie. Tlu- „v,s aKarlicd la the tumor, hut there was 
no or jr)r;nli-»p „> i},,- The cTosS'Scc(toii siiowccf a pseudo- 

t ill ai».iil.itt (! tumor, the Mtrtacf ot ulnVIi slunml iiidicalioiis of /oinilation and in 
(>.ir(s a tcddt'ticy to cyst toriiiatifin ((in. Ii>. 

i !u slide siiowcil splicroitlal mtissc.s of cells willi degenerated areas between 
tium. 1 lie cells were ot varyiiit; siVe. as were tlie nuclei. Tlie striking feature was 
tlie large iiiinilier ot cells will) a large .ainonnt of clc.ir cytoplasm. These suggested 
the clear cells sometimes seen in the <lncts of normal breasts. 


1 he .'itnictiiff of thf l.'t-sl titfjil tolled tiiiiior resembled that in the 
fir.st cvi.s'c. Us orit^iii frotti a primarily bciiigii tumor cannot he proved, 
but will'll first discovered the patient compared it in size and shape to 
a niarhlo. T'lic tumor resemlilcd that in the first case to such a degree 
that such a pnssihility must he entertained. 

It has heen niy experience that the malignant tumors of the mam- 
mary g!an<! wliich possess a pscudocapsiilc. in whole or in part, always 
terminate f.'ilally within a year or two, no matter how soon alter the 
discovery of the tumor operation is performed, or what the extent of 
the oiicration, or whether or not there are palpable metastases. These 
tumors occur in women at the menopause or beyond that period. I 
have not observed them in younger women. My youngest patient, 
operated on some twenty years ago, was 46 years of age. 

There is a group of tumors which begin within the acini and in 
which tlie cells are loosely joined and diffusely scattered. Some of 
these appear as though they might have arisen from the subepithelial 
cells, but instead of growing awav from the lumen of the acini they 
grow into it. At any rate, many of these tumors are globular, though 
they do not develop a pseudocapsule, and their course is usually 
malignant. 

CONCLUSIONS 

1. Intracanalicular fibro-adenomas may give rise to malignant tiimois 
which spring from the subepithelial layer. 

2. They run a coarse parallel with that of the cliromatophore tumors 
in the skin. 

3. Globular pseudo-encapsulated cancers of undemonstrable origin 
run a similar clinical course. 

4. These tumors like melanotic tumors do not cause metastases to 
the bone. 



A NEW METHOD OF RECONSTRUCTION OF 

THE LIP 

GEORGE WARREN PIERCE. M.D. 

AXD 

GERALD BROWX O'CONNOR, :M.D. 

SAN FRANCISCO 

Successful reconstructiou of a lip is a difficult and intriguing problem. 
The addition of a nerv operation to the remarkably long list of 
operations proposed in the past can he Justified only if the new pro- 
cedure proves to possess added advantages and fewer disadvantages 
than its predecessors. In reviewing the literature, about sixty-five dif- 
ferent methods for this operation were discovered, and this new pro- 
cedure is descriljed because it possesses the advantages of simplicity, 
cosmetic fidelity to the normal in its results, noninterference with muscle 
and nerve supply and production of nearly normal function, and is 
applicable to restoration of either the upper or the lower lip. 

Before this problem can be successfully adjudged, its factors must 
be analyzed, and the obvious first step is a review of the anatomic 
structures about the mouth together with their physiologic action. Of 
these structures, the musculature is the most pertinent to our problem. 
The motor innervation and the blood supply are next in importance. 
The following is a description taken from Deaver’s “Surgical 
Anatomy.” ^ 

The muscles of the mouth are the orbicularis oris, the levator labii superioris, 
the levator anguli oris, the zygomaticus major, the zygomaticus minor, the 
buccinator, the risorius, the depressor labii inferioris, the depressor anguli oris and 
the levator labii inferioris. 

The orbicularis oris muscle (sphincter oris), nearly an inch in breadth, sur- 
rounds the mouth, forming a sphincter ; at its periphery it unites with several 
muscles which act upon that aperture. It consists of two parts — an inner, central, 
or labial part, and an outer peripheral, or facial part; the two differing in appear- 
ance and in the arrangement of fibers, like the orbicularis palpebrarum muscle. 
The inner, central, or labial portion consists of pale, thin fibers, fine in texture, 
corresponds in position with the red margin of the lips, and has no bony attachment, 
but is continuous around the angles of the mouth from one lip to the other. The 
outer, peripheral, or facial part is thinner and wider than the labial, and has a 
bony attachment as well as connection with the adjacent muscles. In the upper lip 

Read before the annual meeting of the California Medical Association, 
Pasadena, May 2, 1932. 

1. Deaver: Surgical Anatomy, Philadelphia, P. Blakiston’s Son & Co. 1901 
vol. 1, pp. 49S and 499. 
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of the mouth togetlier and invert tlic lips. The facial fibers acting alone press the 
lips against the alveolar borders of the jaws, and, at the same lime, evert the 
lips. The orbicularis oris is the antagonist of all those muscles which converge to 
the lips from the various parts of the face. 

Of prime importance is the orbicularis oris with its sphincter action. 
All the other muscles about the mouth are opposed to this muscle. This 
sphincter action must be kept constantly in mind together with the axiom 
that a sphincter cut at one point still functions as a sphincter, but cut 
at more than one point, loses its function. 

One only too frequently notes in examining patients for whom 
reconstruction of the lower lip has been done (usuallj’’ after the removal 
of a new growth) that the new lip is short and tense and the upper lip 
is forced into protrusion; indeed, there is almost a Gumpian expression. 
Functional!}', such a lip is a constant distress, for there is usually con- 
tinual drooling of saliva, and clarity of speech is markedly disturbed. 
It is most difficult for these people to sound b, f, m, p, v, w, ph, and zvJi. 
The great number of operations devised for the repair of the lip 
indicates that no method gives completely satisfactory results. Indeed, 
many methods fall far short of even a reasonable repair. 

REVIEW OF OPERATIVE METHODS 

A Study of these many operations is illuminating for the develop- 
ment of rationale of procedure, and in many cases the factors contrib- 
uting to the failure to approach good cosmetic and functional results 
are obvious. 

Among the early operations, Chopart, in 1785, designed an advancing 
flap from the chin by carrying parallel incisions downward to the neck, 
making a square flap pedicled below. This flap was undermined and 
advanced upward to fill the defect. The first and most obvious criticism 
of this method is that no epithelial lining has been provided for the oral 
side of the flap. The sine qua non of reconstruction involving any body 
cavity is that an epithelial lining as well as covering must be provided. 
Alquie, in 1855, modified Chopart’s operation by adding flaps of mucous 
membrane from the cheeks. Other disadvantages are the tendency of 
the flap to be pulled down and to contract; also muscular control is 
limited, and the nerve supply to the muscles of the lower lip is cut. 
Serre used horizontal advancing flaps, one from each cheek, but this 
resulted in a short tight lip. Zeiss employed double vertical flaps pedicled 
below. Lisfranc devised an operation with a median line vertical incision 
and two lateral incisions, and Sedillot used lateral incisions with supple- 
mentary incisions into the upper lip to allow a borrowing of tissue to 
form the angles of the mouth. Beau made two outward and downward 
curving incisions from a central point and rotated the flaps upward. 
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W'cIht t'inploycd hnrizont.Ml (mTlappinj,’’ flaps below tlic defect, and the 
Haps were then slid one upon the other so that the tip of one flap 
approximated the base of the other. Diel/cnbach and also Adelmann 
used lateral angled flap.". Jii.^elre and also Kcid carried their incisions 
from the anitles i>l the month outward and downward and then rotated 
the fla]>s inward. }'olIo."Son's o()eration and Bergers were similar in 
the nse of lateral horizontal incisions and shifting flaps. Nelaton and 
Ombredanne devised a bold {wocednre. An incision was carried back 
from tlie angle of the mouth t<» the ear and thence downward and for- 





Fig. 4. — Transferred flap type. 


bene.,h ... The *« 

anterior border of tlie massetei nius jj defect. Atiger 

tlie ear. The whole flap was ^ L^drau and Berg fficd 

used a large, low and latera l^dicled flap, Wolfler, 

Mat:nit5d od're’^el a lar^e double pediCed «ap entbraeng 

of tissue on the chin to flaps pedieW ab"'" 

manner, Sedillot •'"’“aBemand’s operation cons.sted of 

and buttressed them on the clnn. Lallema 
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transposed flap taken low down and pcdicled at tlie side, and tliis plan 
followed Langenbeck, both vising buttress tissue on the chin. Landreau 
used a single recurving flap. The Trclat and Buclianan and Synie’s 
operations employed lateral advancing flaps but left a portion of chin 
tissue for buttress. Morestin’s operation swung up a double pcdicled 
flap from beneath the chin to rest on the normally anchored tissue. 
Grant extended long incisions outward from the angles of the mouth, 
dissected the upper flaps free and swung them to the midline. Larger’s 
operation commanded considerable attention in the employment of an 
advancing flap including the outer third of one side of the upper lip 
and extending out into the cheek. Bruns swung down two full thickness 
ascending lateral flaps. Watts reported a reconstruction of the lower 
lip with a flap from the arm, the raw surface of which had been grafted 
and healed before the transfer of the flap. This has the disadvantage 
of skin of different color and texture and the discomfort of having the 
arm maintained against the face for a period of two weeks. 



Fig. 5. — Buttress type of operation. 


Hoffmann, Morestin, Evans, Duformentel, de Francesco, von Mut- 
schenbacker and Twyman offer various types of advancing flaps. Joseph 
uses rotating pedicled flaps. Tzaico brings up long cervical reverse flaps 
from the midline, while Sebileau employs temporal pedicle flaps. Esser 
devised an operation with ascending triangular pedicles which were 
brought down and fitted to form a quadrilateral, and he has also intro- 
duced a bold figure 3 incision, which involves most of the cheek and 
upper half of the neck, and which is rotated into the defect. 

Sir Harold Gillies, in his war reconstruction work, designed numer- 
ous ascending and descending flaps, and his results were uniformly the 
best of all those reviewed. Pickerill favors a temporal pedicle flap 
joined to a neck flap for lining and thence referred to the defect. 

A review of all these operations demands a measurement of each 
by the yardsticks of simplicity, conservation, function and cosmetic 
result, for too many of the plans fall short on one or more counts. 
Analysis and criticism again demand reference to the basic anatomy 
and physiology of the part. Advancing flaps are only occasionally used 
ivi modern reconstruction surgery on account of the tension and the 
distortion produced. They are not adequate, and experience teaches 
that they almost always fall short of producing even a fairly good result. 
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In.s })o)nt ^trcssal nmv with cspcciaf ctnpfiasi's, f)ccaiise books on 
MUipTy arc rc{)iotc with diaf^ram.s of many varieties of flaps for the 
corrcrtion ot delects of the lijis and show handsomely completed opera- 
liniis (diatrrammatically) as cosmetically perfect. This we know to be 

scaicely possible from trial and from iosical deduction based on the 
lundamentals. 

1 he oMei methods nearly all failed to provide an cj)ithelial lining, but 
in recent years no operation is jilanncd without strict attention to this 
l.ictor. .A comna^n fault of most operators, unless they liave been 
trained in reconstruction surgery, is to iiiulcrestimate persistently the 
size of the defect to he repaired and to fail in judgment of the amount 
of tissue re({uisitc to accomplish (he repair, or to be too sanguine of the 
jiossihility that the flap ma}* he properly mobilized for the consummation 
ol the transfer. These diflicultics constantly menace such plastic pro- 
cedures and give added strength to the plea for simplicitj' of plan. Then, 
too. a prO{)erl}’ planned operation will obviate the terrific and unnatural 
distortion of the donor part which follows the adoption of many of the 
reviewed recommendations, for lack of balance of facial contour is 
certain to result in dismay for the surgeon and dissatisfaction on the 
part of the patient. Once again, the object of the operation is not 
merely the closure of a defect, but in addition the satisfaction of all the 
foregoing factors. 

Further, judgment dictates due regard for normal lines of tension 
of the skin, and this Larger has shown graphically in his diagrams of 
bis lines of tension. A study of these diagrams will reveal the fact 
that flaps can be selected to fall within these lines and that failure to do 
this militates against the best results. Hunt quoted Larger in his state- 
ment, “If due regard is shown for these lines and incisions are made in 
their direction, inconspicuous scarring is usually the result. Any incision 
made at right angles to these lines, however, results in scar formation. 

In addition, if the natural grooves are followed, the scarring is even 
more inconspicuous. A contemplation of these factors suggests the 
nasolabial groove as the optimum site for the appropriation of tissue. 

Distortion of the mouth after reconstruction by many of the metho s 
enumerated is striking^ evident. This is true especially of flaps taken 
from one side, because such technic creates marked tension on one si 
as against relaxation on the other with consequent unbalancing o t ie 
facial contour. Moreover, there may be added to this distortion tie 
atony and sagging caused by severed muscles or by lost motor ner% 
supply to the muscles of that side. Other methods of this t^e oaus^ 
a shortening of the oral commissure on the side of the flap. Tiis ac 
of symmetr}^ gives the patient an unnatural and bizarre ' 

Advancing flaps are especially undesirable, as they not di^ 
surrounding tissue but furnish insufficient material for a 



PIERCE-O’CONNOR— RECONSTRUCTION OE UP 


323 


lip and consistently produce the shortness and tenseness which mars 
the completed reconstruction. The short, tight lower lip not only com- 
monly causes drooling but also an abnormal protrusion of the upper lip 
beyond the lower and interferes seriously with the clarity of speech. 

A selection of flaps through the full thickness of the face is a grave 
mistake. If such a plan is adopted, the incisions arc made through the 
integrity of the sphincter of the mouth, thus destroying all possibility 
of proper function. Inclusion of this transposed muscle, while tech- 
nically completing the normal constituents of the lip, defeats the func- 
tional power of the part. Only recently tlie fallacy that inert muscle 
can be of functional value was illustrated l)y the report of a case in 
which a strip of sternomastoid muscle was utilized and implanted into 
the reconstructed lip. 

Again, scrutiny of the anatomj' of the face will recall that innerva- 
tion of the muscles about the mouth is derived from the branches of 
the facial nerve. Diagrammatically, the branch to the muscles of the 
upper part of the mouth come from the nerve trunk which crosses the 
face approximately in a line from the lobe of the ear to the middle of 
the upper lip. The muscles of the lower lip and chin are innervated by 
a branch extending approximately in a line from the lobe of the ear to 
the middle of the chin. It is therefore evident that many of the flaps 
suggested not only will destroy the integrity of the indispensable facial 
musculature but will render the remaining musculature impotent by the 
destruction of its motor stimulus. 

Profiting by the careful analysis of all the factors of the problem of 
reconstruction of the lips and forewarned by the unsound theories of 
such reconstruction which have resulted unsatisfactorily, we offer the 
following operation as a basic procedure for the reconstruction of either 
the upper or the lower lip. This operation possesses the necessary 
qualifications before mentioned of simplicity, cosmetic fidelity to the 
normal in its results, production of nearly normal function and non- 
interference with muscle and nerve supply. 

TECHNIC 

The principle of the operation is the use of two full length opposed ascending 
flaps placed in the nasolabial groove. The technic of the operation is shown in the 
accompanying diagrams and pictures of the patient before and after operation. 
These flaps consist of skin and subcutaneous tissue only, and at no point is any part 
of the musculature or its motor nerve supply severed. The nasolabial groove was 
selected as the donor site, because scarring there is inconspicuous and especially 
because this region provides a sufficient supply of facial tissue which is relatively 
free from hair. Furthermore, this tissue will be the same color and texture as 
the normal lip, which is a strong argument for its use, rather than flaps taken 
from distant parts. The skin of the face is distinctly different in texture and 
color from that of any other part of the body. Flaps taken from the arm and 
chest stand out with startling prominence on account of these differences, 
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. n t ulnlr sm-1, II;., y ,„r„,.sl, .s„flinW of »orma/ (Issue, (he cosmelic result is 

1 Pl.-.M.),;. h tv, II he serr. (Iu.t our Hn,,s are ,)Incc(i according to the principles 
-1 l.n u;.Ts hues o, teusu.,,.” The fin,, iron, one side is bronght clovn and 
reversal (.. ,„n„ (he Iming of ,he lip in sud, a manner (hat the skin surface is 
toward (l.e mouth and the raw surface is directly outward. It is then sutured into 
jK.ition ■'ttir s|)htting the margin of the defect so that raw surface will come in 
u iitait wit I ran siirfate. and the skin surface of t/ic flap will he in continuity 
"It I t II mikoiis memhrane of the moutli. flic opposing flap is then brought down 
to furnish the covering and is sninred raw surface to raw surface and the lining 
l).i() sutured to the tree skin edge of (he facial wound. 

.Mindinl ol the j.rincijile of the .s/ihinctcr action of (he M. orbicularis oris, these 
opjiosing llaj.s form tiie }>ridgc between the tivo ends of the severed orbicularis 
oris muscle and reauistitute its tnnetion as a sphincter muscle. The adoption 
of this i>rinci|)lc ohviates the necessity of the employment of any transplant 
mnscnlalnre, as it performs better in this manner than with the unnatural function 
of a transposed nuiscle or uninnervated muscle. All the opposing muscles may 
act nonnnlly as they arc anchored into the base of the new lip. 

1 he lilood sujiply is naturally adapted to these flaps, as the bases of the flaps 
lie over tlic facial arteries with their coronary branches, and tlius the vitality of the 
flaps is almost certainly a.ssurcd. 

In the illustrated operation, when these flaps were brought down into position, 
as shown in the accompanying photograplis, smaller flaps of mucous membrane 
were taken from the lateral borders of the defect and blended into the superior 
border of the sutured flaps in such a manner as to form the angles of the mouth 
and a goodly portion of the vermilion border of the lip. These mucous membrane 
flaps were carried upward, so that their bases approximated the normal angles of 
the mouth. A further transposition of mucous membrane from the upper lip tvas 
planned to complete the vermilion border of the lower lip, but, as was noted by 
Sir Harold Gillies in his reconstruction work during the war, flaps of skin turned 
into the mouth were found to take on the appearance and characteristics of 
mucous membrane. We found that the remainder of the border of the skin 
forming the upper margin of the lip and not covered bj^ mucous membrane took on 
these characteristics to such a degree that a well developed simulation of the 
normal vermilion border took place and close e.xamination is required before the 
difference can be detected. Such transplantation of mucous membrane is relatively 
easily effected. The patient is thoroughly satisfied with the appearance of the 
lip and does not wish to have further transposition of the mucous membrane done. 

After two weeks the bases of the pedicles are returned, and then a period o 
from two to three months should elapse before final retouching of the new j 
formed lip is done. These long full length flaps have an added advantage as 
they do away with all the troubles which come from the joining of bilateral flaps 
in the midline, at which point the suture line is apt to break down and contracfio^ 
is apt to occur ; also the scar at this point is a cosmetic disfigurement. ^ "."I'' ^ 
scars on the face will be noted in the accompanying photographs of the nis ^ 
case, as these photographic prints are from unretouched negatives made 
further advantage of the full length flap is the certainty of sufficiency ot i 
since the defect can be accurately measured and the flaps appropriate } asi 
Sufficiency of tissue avoids the too common short an'd tense reconstructed Up. 

The criticism mig'ht be voiced that this method is not leadily 
cable for immediate repair of a lip defect (as following the . 

the part on account of a new growth). It is true that 
better done after healing is complete than when attempted m 
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in the vegion of the bases of the pedicles in an edematous and perhaps 
infected state. Such a condition would jeopardize the l)lood siqiply of 
the flaps by the mechanical efl'ect of pressure and by favoring throm- 
bosis of the vessels. It is far better to allow the i)atient the discomfort 
of a few weeks or months without a lip than to sentence him to a life- 
time of discomfort and social limitation by the over-zealous efforts to 
“fill the gap.” Then, too, surgical judgment dictates a waiting period 
after removal of new growth tissue until a reasonable certainty exists 
that there will be no recurrence of the tumor. 

The cosmetic result can be judged by tbe reader. Special attention 
is called to the ease of closure of the mouth and to the profile views 



Fig. 10. — Condition of the patient before operation. 


with the normal-appearing groove between the chin and lower lip. 
There may be a few hairs on the base of the inturned flap, but these can 
be readily and permanently removed by the electric needle. Attention 
is also called to the photographs illustrating the function and ease with 
which tbe patient opens his mouth and shows his teeth. The action of 
showing the teeth indicates efficient anchorage of the radiating opposing 
muscles. In the last picture the patient is shown whistling, an accom- 
plishment with the new lip which he has only recently developed, 
following the gradual softening of the transplanted tissues. This illus- 
trates the sphincter action obtained in the orbicularis oris muscle and 
the soundness of the principle of bridging the divided ends of this 
muscle. 
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xuption ot .-.t ,)„■ oi D ywrs. (o ^d,icI, there were no sequelae. 

1 1 . 1 ''*!" \\e .s.iu liitii lie noted n “crack” in the mucous membrane of 

I'rT.'-isted, Init liiially Iiealetl, (lien broke open several times. 
A liimi) eveninally (levclo(.ed at the site of tbe “crack," and this was treated by 
rocntyin ra\s. ^ J be tumor did not disappear and was e.vcised surgically in 
.November. U>2S. .Nficroscopic c.vamination of the tissue revealed basal cell 
joof/*^ ^ *''*''*^*' ^utl was removed by clcctrocautcry on Jan. 17, 



Fig. 11. — A, condition of the patient after healing of the transposed flaps. 
B, the bases of the pedicles are returned; the suture material is in situ. 


The patient had been a heavw smoker, using a pipe and cigarets. 

When we saw him first on Jan. 27, 1930, he presented a complete loss of the 
lower lip. No induration was present, and no glands were palpable in the neck. 
The wound had been healed one year. The Wassermann test in the blood was 
negative. His condition on his first visit is shown in figure 10. 

Reconstruction was started on March 21, 1930. At the first operation, whic 
was done with the patient under ether anesthesia, the ascending flaps were fash' 
ioned (fig. 6), brought down and sutured into the defect, after splitting the margins 
of the defect. The lining flap was placed skin surface in, as shown in figure 7, an 
the covering flap was brought over as in figure 8. Small flaps of mucous mem rane 
were turned up from the lateral borders of the defect to form the angles o 
mouth. Mattress sutures of silkworm gut, passed through buttons, relieved tension 
on the skin of the cheek wound, and the completed operation is shown in figure . 
Horsehair was used for skin closure. The healed condition of this ® 

in figure 11 A. Readjustment of the pedicle bases was done April 10, OJU, u 





Fig. 12. — A. ihc result of the operation. There is no distortion of the lip or 
face. B, the profile view shows the full contour of the reconstructed lip and the 
normal approximation with the upper lip. C, note the action of the radiating 
muscles opposing the M. orbicularis oris, D, the ease of opening the mouth is 
shown. E, the patient is shown whistling. This illustrates the action of the 
orbicularis oris muscle through the bridge of the transplanted flaps. 
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I.H-al anesthesia, proeaine I.nlroehloride 1.5 per cent, and tl>c result is sho«-n mfh 
he .mure mnler.al ,n s.iu in fipiire 11 li. Two .small read;uslmcnts have been 
ni.uh Mine (hen, and tlie iinal result is .shown in figure 12. 


CONCLUSION' 

^\ c ttiii.st icliiin (o (lie slatcineiit of reijuircmcnts laid down in the 
lii.st }).iia_ui.'ipii and iiiea.snrc (he re.suU oblainccl in this case by the yard- 
.stick.s of (ho declared c.s.sctUials, Tims: 

1. .Siiiiplit'i(y. bew operations of tin's type offer as simple technic, 
I'ind this siniplicity is evident from the drawing's. 

2. Cosmetic lidelity to normal. We would be rash indeed to com- 
pare onr results to Nature's handiwork, but we surely should not cease 
in our attempts to duplicate her art, and a reference to the photographs 
will siiow that the contours of the reconstructed lip do approach the 
outlinc.s of the normal. 

3. Noninterference with muscle and nerve supply. It is evident that 
there is no interference with either muscle or nerve suppl)^ as the flaps 
arc taken tiirough skin and superficial fascia only. 

4. Near normal function. Again we cannot duplicate Nature, but 
the final photographs do show that, for the ordinary movements, this 
lip is a functional entity. 

5. The method is applicable to restoration of either the upper or the 
lower lip. The upper Up may he constructed in this manner by planning 
tlie bases of the flaps to lie at a point in a line ivith the proposed lip. 
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CHYLE CYSTS OF THE JvIESEKTERY 
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Porter ' presented the subject of chyle cysts of the mesentery before 
the Western Surgical Association twenty-six }'ears ago. He reported a 
case of his own and discussed 20 cases, reports of which had appeared in 
the literature. He regarded the chyle cyst as a surgical rarity, and believed 
that it was less common than the serous mesenteric cyst. On examining 
the records of autopsies at the University of IMinnesota recently, we 
found that in approximately 15,000 autopsies no case of chyle cyst had 
been recorded. In a search of the clinical records of St. Luke’s and of 
St. Mary’s hospitals, Duluth, representing a total of over 200,000 cases, 
we found that but 2 cases of chyle cyst had been recorded. In the Los 
Angeles General Hospital, according to Alesen,- no such case was 
recorded from 1912 to 1929. 

Friend^ assembled 52 Instances from 1875 to 1912; Benedict^ 
included Friend’s list and collected a total of 96. Flynn regarded 
mesenteric tumors as among the rarest of those in the abdomen. The 
consensus of these men seems to be that approximately 200 cases might 
be found in medical literature. 

REPORT OF CASES 

The 2 cases we wish to report are as follows : 

Case 1. — A bov, aged 4, was referred to one of us by Dr. Grover on Dec. 5, 
1930. Two years before the child bad been operated on for appendicitis, but drain- 
age had not been employed. The symptoms at that time were similar to those 
for which the child was referred. The present attack began with acute pain at 
about 2 o’clock in the morning of December 4. The mother gave an enema with 
some result, and the child vomited. A second enema, because of the continuance 
of pain, brought no result. She called her physician on December S. The history 
of appendectomy and the nature of the symptoms prompted the physician to sus- 
pect intestinal obstruction, and he sent the boy to the hospital, where Dr. Doolittle 
saw him in consultation. The following report was made; The leg was flexed, 

1. Porter, M. F. : Chylous Cysts of the Mesentery, Tr. West S. A 1905 
p. 242. 

2. Alesen, L. A.: Chylous Cyst of the Mesentery, California & West Med 
30:261 (April) 1928. 

3. Friend, E.; ^^esen1eric Chyle Cyst, Surg., Gynec. & Obst. 15:1 (Tulv) 
1912, 

4. Benedict, A. L.; Bibliography of Chylous Cyst of the Mesenterv Sure 
Gynec. & Obst. 16:606 (June) 1913. 
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Fig. 1. — Specimen photographed a few hours after autopsy. C is the largest 
of the cysts. Other smaller cysts are grouped around the intestinal margin. 


masses. There were no lumbar spasms. Definite flatness was noted over the 
hypogastric and iliac regions, and there rvas considerable pain in the abdomen at 
times. 

Rectal examination revealed some indurated bogginess of tissue in the lower 
portion of the right side of the abdomen. No definite accumulating mass \va5 e t. 
The hemoglobin was 85 per cent; the red cell count, 4,580,000; the white cc 
count, 25,900, and poly'morphonuclears, 92 per cent. Roentgen examination w> 
an enema of barium sulphate under fluoroscopic control showed that the opaque 
solution passed all the way up the colon and into the terminal ileum. 
no roentgen evidence of diverticuli, a new growth or intussusception. ‘1 ' 
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history of the sudden onset of the attack of abdominal pain and vomiting and in 
consideration of the foregoing findings, operation was advised at once but no 
definite diagnosis was made. 

When the abdomen was opened, a milky, odorless fluid escaped from the perito- 
neum. A hard nodular mass was found below the level of the umbilicus, semilunar 
in shape and running transversely in the lower portion of the abdomen. The mass 
was delivered and found to be in the mesentery of the small intestine. It consisted 
of small, pure white masses, some clear cystic masses and several apparently 
hemorrhagic ones. The total mass was so extensive, involving so much of the 



Fig. 2.— Specimen showing the opposite side from that in figure 1. 


mesentery, that no attempt at resection was made. Smears and culture were taken 
at the time. These sliowcd diplococci and were reported later as pneumococci. 
The boy lived four days ; extreme distention developed, and he died of peritonitis. 

Autopsy, wiiich was performed a few hours after death, showed; (I) chylangi- 
oma of the mesentery with formation of multiple cysts, (2) status after an old 
appendectomy, (3) pneumococcus peritonitis, (4) edema and congestion of the 
lungs, (5) beginning bronchopneumonia of the right lung and (6) status after a 
recent laparotomy (exploratory). 

The upper loop of the intestine was e.xtremely distended, measuring- up to 14 
cm. in circumference (fig. 1). The serosa of the distended intestine wa^ congested 
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and showed numerous small hemorrhages. There were no signs of mechanical 
obstruction of the intestine. Superficial ulcerations of the valvulae conniventes of 
the small intestine were seen. It was noted that there were no dilated chyliferous 
vessels in the. serosa of the small intestine or in the mucosa, not even in that 
segment connected with the cystic mesentery. The retroperitoneal glands were 
somewhat edematous. The thoracic duct was of normal size and contained a small 
amount of slightly cloudy fluid. The part of the mesentery showing the cystic 
changes corresponded to a loop of the small intestine 10 inches (25.4 cm.) in length 
and beginning about 2 feet (60.96 cm.) below the end of the duodenum (fig. 2). 
Here the mesentery was thickened and showed cystic formations, some watery in 
appearance, some bluish and some milky. A few of the cysts contained hemor- 
rhagic serous fluid. The largest of the cysts measured 8 by 4.5 by 3.4 cm. This 
was irregular in shape and was niultiloculatcd. There were numerous other cysts 
measuring from 1.5 to 2.6 cm. in diameter, and many much smaller. Some of the 
cysts near the margin of the small intestine involved the serous and muscular 
coats of the small intestine. When the mass had been cut through, the cut section 
gave a cavernous appearance. Some of the cystic nodules which had a more 
compact consistence showed on the cut surface cavernous spaces filled with clotted 
blood (fig. 3). Small lymphatic glands and lymphatic nodules included in the 
tissue between the dilated lymph spaces showed moderate dilatation of their 
sinuses, especially of their peripheral sinuses. These dilated sinuses contained 
lymphocytic cells and larger mononucleated cells. Small lymph glands taken from 
the involved mesentery showed similar changes, while glands from the mesentery 
farther away showed a more normal condition. No truly solid tumor mass could 
be found. An irregular network of whitish channels of varying thickness was 
seen in places; these were filled with milky fluid. One larger cystic space near 
the root of the mesentery contained more compact fatty masses resembling case- 
ated material but more whitish. Microscopically, this was formed chiefly of fat 
droplets of irregular sizes. Smears from the peritoneal exudate showed pneumo- 
cocci. 

The second case we are recording through the courtesy of Dr. \Y. A. 
Coventry, who collaborated with the late Dr. T. R. Martin in its study. 
This case was more chronic. 

Case 2. — A woman, aged 48, for five months complained of burning in the epi- 
gastrium and vomiting after meals which sometimes caused her to leave the 
table. She felt better if she kept very quiet and also if the stomach was empty. 
The appetite was poor, but the bowel movements were regular and at times a 
little loose. She tired easily and complained of nervous chills. She had had one 
•stillborn child seven years before. She stated that she had always had “weak 
blood." There was a past history of typhoid. She was a frail, thin woman, 
weighing 95 pounds (43.1 Kg.). Her blood pressure registered 150 systolic and 
90 diastolic. The hemoglobin was 46 and the red cell count, 3,880,000. The tem- 
perature was 98.2 F. The urine was normal. The Wassermann reaction of the 
Wooil was negative. In the lower left abdominal quadrant close to the abdominal 
wall was felt a tumor the size of a chicken egg. The enema of barium sulphate 
gave negative results except that pulling on the tumor seemed to drag the sigmoid 
with it. The diagnostic impression was that the condition was cither a tumor of 
the sigmoid or an enlarged mesenteric gland. 
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.\t ni)cTnl.oii Dr. Coventry foimti a larfjc mimljcr of tumors in the mesentery 

o: Uie .Munll intestine runnin^r up to llie roof. Some of these appeared caseous 

. 111(1 some r 3 -.s|ie. .Some were as large a.s an egg. The involvement was too great 
lor resection, j he iiatieiit failed and died on Die seventeenth day. At autopsy, 
mimeroiis thiii-walled and thick'-walled cystic tumnr.s the .size of an English walnut 
and sinalkT. were found at the liase of tlic mesentery. 

l.nrger tunior niea.surin.g S hy S cm. in dfnnicicr was found; it was composed 

of .1 conglomeration of niesentcric and peritoneal lymph glands. Several cystic 
tumors were in intimate contact witli the wall of the intestine and were apparently 
connected with the siihscrons, dilated, chylous vessels of the small intestine. The 
large tumors at the base of the mesentery were surrounded by an edematous area. 
Some cavitic.s were filled with puslikc greenish-yellow material. The walls of 
these were especially edematous. The mesenteric glands were edematous through- 
otit .and were often connected more or less intimately with the cystic formations. 
The small intestine was irregularly dilated. The wall of the small Intestine was 
irregularly thickened in places. The serosa was much thickened and was con- 
gested, and a few dilated and distended subscrous chylous vessels could be seen. 
The mucosa of the small intestine was edematous in places and showed numerous 
small hemorrhages. Here and there, small chylous cysts could be seen. The 
small iiuestinc could not be separated from the mesenferj' without opening of several 
of the cysts described. The tJioracic part of the thoracic duct was slightly dilated 
and filled with a watery content. The larger lymphatics along the primary iliac 
vessels were slightly dilated. The cisterna chyli was invoh'ed in the tumors 
formed by the conglomerated glands at the base of the mesentery and could not 
he found. 

^Microscopic examination showed the largest gland at the base of the mesentery 
to contain in its cavity many leukocytic cells, lymphatic cells, a fibrinous network 
and very numerous, often intracellular fat droplets of varying size. The wall of 
the cavity was formed by .granulation tissue with many fibroblasts and plasma 
cells ; the fibroblasts were often loaded with fat droplets. In the wall of the cavity 
the lympliadenoid tissue was still well preserved, and some of the dilated sinuses 
were filled with desquamated endothelial cells loaded with fat granules. Other 
cysts showed the same structure. The wall of the cj'st was formed by connective 
tissue, which was infiltrated with man 3 ' Ij^mphocytic cells. 


COMMENT 

Friend,® in 1912, studied a group of 52 cases and found that these 
cj'Sts may occur at any age from early childhood to late in life. There 
is no particular age at which one may look for them. He, and also 
Benedict,* found that males and females may have the condition m 
about equal proportions. In Benedict’s group of cases the yoiwges 
patient tvas 5 weeks old, and in Friend’s group the oldest patient was 
80 years old. Flynn was inclined to believe that these cysts occur 

more commonly in the third decade. _ _ , 

We have tabulated 16 cases reported in recent literature in w 
more elaborate histories and detailed findings are obtainab e 
various periods of time during ivbich the complaints prevailed, 
the number of cases in each instance, were as follows; 12 year , < - 

6 yea?s. 1 case; 4 years, 1 case; 3 years, 1 case; 2 years, 4 cases; 1 jcar, 
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2 cases ; 5 months, 1 case ; 4 months, 1 case ; 2 months, 2 cases ; 3 days, 

1 case, and 8 hours, 1 case. 

SY AI PTOM ATOLOGY 

From the foregoing figures it will be seen that in 14 of the 16 cases 
there have been from two months to twelve years during which the 
patients have been more or less ill, complaining and affording an 
opportunity for diagnosis. Some of these complaints include malaise, 
loss of strength, loss of weight, easy fatigability, feeling of nausea, 
occasional vomiting, abdominal pain to varying degrees from a dull 
ache to spells of greater severit}', and a palpable tumor in half of the 
cases. Two patients had abdominal distention for one year, and 
another patient for six months. There was abdominal tenderness in 
12 cases. This was usually generalized over the abdomen but often 
localized at the umbilicus, to the right or in the lower portion of the 
abdomen. Rigidit}^ occurred in the acute cases. The white cell count, 
which was stated in 9 cases, was above 10,000 in 8 cases and was over 
20,000 in 4 cases. 

DIAGNOSIS 

Flynn and Swartley made the observation that a correct diagnosis 
had not been made before operation or autopsy. This observation is 
borne out in the recent group of 16 cases that we have tabulated. A 
mesenteric tumor was, however, suggested in the diagnosis on two occa- 
sions. There is no grouping of symptoms characteristic of this disease. 
The acute cases usually suggest intestinal obstruction or peritonitis. 
Rupture of a cyst and immediate pain, nausea and vomiting in a 
woman would suggest ruptured tubal pregnancy. The long-standing 
cases have no characteristic diagnostic features. The abdominal 
tumor, if single, is smooth and rounded, and fluctuation can usually 
be made out. It does not move with respiration. The tumor, if multi- 
locular, as in our case 1, may have an irregular or nodular feel. 
A tumor in the mesentery should be freely movable, often excessively 
so, both in vertical and horizontal directions, and moving it may cause 
pain. The point of attachment may be approximately located, usually 
quite centrally in the abdomen. The patient may find relief by turning 
and lying in certain positions, as on the side, with extreme flexion of 
the hip and knee joints, a point mentioned by Freudenthal.'^ A long- 
standing history, not paralleled by wasting, may rule out a malignant 
growth. As chylous ascites has been encountered with more or less 
frequency at operation, it would seem that diagnostic puncture or 
tapping would lead to valuable information. The enema of barium 
sulphate is of value in ruling out involvement of the colon. Screening 

5. Frcudcmbal. P.; Chylous Cyst of the Mesenterv, Hospitalstid 71 • 353 
(.April 12) 192S. 
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cicfeiM* ' cn-u'oricer.s," way show a pressure 

cftd. ) iKim>„|,cT,to„dm. ,vilh scracing or will, tl,e roctjenogram 
..... 1«„ suggcMcl hr yirnn olTchg ,».sil,ili,ies i,. ,|.e delermina- 
ion of (he picscncc niul location of the cyst Differentiation must 
)c made fiom fluctuant, masses in the omentum, from the pancreas, 
and from ovarian c}'sts, retroperitoneal tumors and lipoma. 


KTIOLOGV 

Klemm found the wail of a true c}’st to arise from mesoderm, and 
he helie\cd, theiefore, that .such cysts arc of embryonic origin. Kauff- 



Fig. 4. — Cyst separated from the mesentery' and turned back showing a nodule 
in the wall of the cyst. (From Friend.) 

mann divided the mesenteric tumors into jjrimary and secondary. The 
primary ones originated from the peritoneum itself — the endothelial 
type. Those behind the peritoneum he regarded as more common. If 
they were cystic and located between the ]a3’ers of the inesenterj', he 
regarded them as lymphangiomatous or as lymphangiocavernous 
tumors. The C3'Stic mesenteric tumors ma3'' contain chyle, in trine i 
case they are called ch3dangiomas. The}' ma}' be single or muUilocidar. 
Most of them are found in the mesentery of the small intestine, 
usually in the mesenter}' of the ileum. Cystic degeneration of f ’e 
lymph gland is especiall}'’ mentioned as the causative factor in 1 1 ' 

eTjoj^ T. M.; Howard, M. A., and Fitzg’ibhon, J. H.; Chylous Cyst of 
the Mesenter)', Northwest Med. 29:123 (Alarch) 1930. 




343 


COLLlNS-BERDIlZ—CllYLIl CYSTS OT MIISIINTIIRV 

origin of the cyst. It may he tuberculous as a result of tuberculous 
ulcers of the intestine, or it may result from a temporary bloching of 
the gland and degeneration following enteritis or some other inflamma- 
tory process, as appendicitis. Friend showed, in illustration of his 
article, the wall of a C 3 'st in which a nodule at the side and intimately 
a part of the wall seems to be the original gland from which the cyst 
developed (fig. 4). In our case 2 the largest gland at the base of the 
mesentery contained in its cavity many leukocytic cells, lymphatic cells, 
a fibrinous network and very numerous, often intracellular, fat droplets 
of varying sizes. In Freudenthal's case, the opinion, on microscopic 
examination, was that a cystic degeneration of the lymph gland was 
the causative factor. 

TREATMENT 

Surgical treatment offers the only hope of cure. Several different 
methods of attack have been used. Porter, in his series of 20 cases, 
found that operation was performed in 14 and that in 6 the condition 
was discovered at autopsy. Of the 14 patients operated on, 3 died. 
Of those who had had an excision or enucleation of the cyst, 6 recov- 
ered and 2 died. When incision and suture of the sac to the abdominal 
wound was done, there were 5 recoveries. In 1 case in which excision 
of the cyst, mesentery and part of the bowel was done, death ensued. 
The mortality in the 16 cases of our tabulation, all methods of treat- 
ment included, was 25 per cent. Friend mentioned 25 cases in which 
incision and drainage were done with a mortality of 8 per cent and 
18 cases in which extirpation was done with a mortality of 33.3 per 
cent. Begouin found that sewing of the sac to the abdominal \vall, to 
be opened later, resulted in a mortality of 7.5 per cent. This was a 
better showing than that in a series of 60 cases in which extirpation 
was done. He collected reports of 54 cases in which puncture and 
aspiration were done without a fatality. Flynn, in 1912, resected the 
tumor and 40 inches (101.6 cm.) of bowel in a girl of 16 and obtained 
a recovery. Wilson ’’ emptied the cyst found in a boy of 8 years, with 
recovery of the patient, but felt at the time of his report that the cyst 
was refilling. Alesen - excised the cyst in a girl of 5 and obtained a 
recovery. Benedict stated that while all the patients on whom mar- 
supialization was performed recovered, the deaths after extirpation or 
enucleation seemed to be due to primitive surgical methods, intestinal 
occlusion, peritonitis and other serious complications rather than to 
tile method chosen. Modern surgical technic and preoperative prepa- 
ration may serve in future cases to bear out this statement. The 
available methods therefore have been: (1) aspiration, ( 2 ) incision 


7. Wilson, G. I.; Mesenteric Chylous Cysts, Brit. M. J. 1:102 (Tan. 19) 1929 
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atui (Iraiiirigc. (.3) enucleation and (4) marsupialization. Intestinal 
ic.H'ction and vxlirpntion will probably ahva 3 's carry a higher mor- 
t.ilit}'. J he choice of method .should be made to fit the case, 

•SUM M.\UV 

1. 3\ bile me.senteric cysts were mentioned as far back as 1620, 
Ivok'ilan.sla' i.s credited A\'ith the first description of ch^de cj'sts in 1842. 
J’ortcr,’ hriend," JIcncdict ' and jn_vnn have reported groups or reviews 
of cases, all of which have been considered in the present study. 
Ciiyle cy.sts of the mesentery are not common ; indeed, they are rela- 
tively rare and have been encountered at all ages from early childhood 
to old age. In this paper a report of 2 cases has been added to the 
literature of the .subject, and an attempt has been made to summarize 
the various synn^toms that occurred in the reported cases. An effort 
has also been made to j)resent the clinical features that may assist in 
leading to a diagnosis, a ))oinf which has been e.\tremely baffling in 
the past. 

2. From two months to twelve years elapsed in 14 of 16 cases 
during which time the patients were complaining and affording an 
opportunity for diagnosis. 

3. Abdominal distention of greater or less degree was found in 
10 of 16 cases. 

4. A freely movable tumor in the lower part of the abdomen which 
fluctuates and has a midline attachment should suggest mesenteric cyst. 

5. The discor'ery of chylous ascites bv exploratory puncture may 
assist in establishing a differential diagnosis. 

6. Marsupialization has resulted in the largest number of recoveries. 
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While the extensive investigative work on the pancreas proves that 
this gland is an essential organ in the human econoinj^ the literature 
concerning surgical procedures on the pancreas is scanty and loosely 
scattered through medical journals and textbooks. The information 
that we gained from a search of the literature particularly impressed us 
with the fact that the present knowledge of diseases of the pancreas and 
the practical application of surgical treatment to the cure of these condi- 
tions are hardly any further advanced today than they were fifty years 
ago, when surgical treatment was limited to a few operations performed 
for the cure of retention cysts by excision or for the formation of an 
external fistula. Since that time a great deal of experimental work 
has been done in attempts to clear up the mysteries surrounding the 
function of the pancreas. 

On the clinical side, Friederich (1878) summarized the meager 
knowledge of pancreatic disease that was available in his time. On 
the surgical side, it was not until the era of antiseptic and aseptic 
surgery and the consequent safe exploration of the abdomen that 
animal experimentation could be undertaken with hope of success and 
the pathology of the gland could be studied in the living human being. 

Since Lister, physiology and surgery have developed hand in hand. 
Senn published his paper, “Surgery of the Pancreas,” in 1885, and 
Fitz (1889) laid the foundation of the present knowledge of acute pan- 
creadtis. Kbrte (1898), Oser (1898), Opie (1903), Robson (1907), 
Coffey (1909), Macleod, Banting and Best (1922) anddeTakats (1930) 
are but a few of the prominent ones among an army of workers on 

From the Department of Surgery, St. Louis University School of Medicine. 

Read at the Seventy-Fifth Annual Meeting of the Missouri State Medical 
Association, Jefferson City, May 25, 1932. 
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ox]ifi miontin.i,' with the pancreas, because of its very nature— 
the unusual c(nui)nsile. conijdicated functions, the intimate relationship 
to other abdoniiua! structures and the difficulty of surgical approach-one 
nuUs \siili many proi)leins the importance of winch is equaled on!}^ by 
tludi difficidty of solution. J*,very such difficult}' encountered has 
ini()eded not only the clinician in bis dhagnosis and therapy, but also the 
.surgeon in liis technical mastery of the surgical problem. 

In 1909, Colley published a preliminary report entitled “Pancreato- 
Luterostomy and Pancreatectomy.” His originality and the apparent 
delicacy of the technic be developed in completing his work were indeed 
a great inspiration to us ; however, in performing his operation for pan- 
creato-enterostoni}’. one ol us met with little success. Coftey took a loop 
of bowel, the adjacent sides of which he sewed together. He then made 
an opening into the loop in the same way as Finney opens the duodenum 
and stomacli in his operation for ulcer. Into this opening Coffey trans- 
planted the ])ancrcas. He stated that it made no difference which end 
of the sectioned jjancreas was implanted, the current would flow nor- 
mally or in reverse and discharge into the intestine. 

Perhaps it was the technical difficulties of this operation that 
prevented its success. At any rate, we decided to perforin similar 
experiments, using the stomach instead of the jejunum. At first we did 
not pay much attention to the study of the subject from the standpoint 
of physiology, our wish being to know whether in case of necessity this 
could be accomplished without bad effects on the animal. In this 
experiment we used seventy-two dogs. The object was to devise by 
direct surgical attack a rational method of treatment in certain cases of 
injury involving either the tail or the head of the pancreas, and of earl} 
tumor growth involving the head. In performing these operations, 
two essential points were constantly kept in mind: first, avoidance of 
leakage of the pancreatic fluid; second, the surgical disposal of the 
severed or injured end in such manner that both the internal aiK 
the external functions of the gland would be preserved. 

We soon learned that the dog’s pancreas is easily injured. ic 
gland is better protected when not handled with any kind of instrument 
The pancreas in the dog differs from the human pancreas in bang 
covered with peritoneum. While this condition renders its implantation 
into the stomach a safer procedure, our first experiments failed because 

of leakage and peritonitis. ^ i • ' mi 

The surgical reasons for using the stomach instead of the jejtini 
its accessibilit}-, its favorably large size and the cimiinatron o 


w'ere 
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any possible obstruction of the lumen of the bowel or strangulation 
of the gland, which might occur if it were implanted into the small 
intestine. 

SERIES I 

The first experiment consisted in making a pocket between the inuscularis and 
the mucous coat on the posterior wall of the stomach (fig. 1). An inch and a 
half (3.77 cm.) of the distal end of the pancreas was removed entirely, and then 
the cut surface of the remainder was implanted into this pocket and held in place 
by a piece of silk tied around the end of the pancreas and fastened to the wall of 
the stomach at the bottom of the pocket (fig. IB). This kept the cut end of the 
pancreas anchored while two interrupted sutures were taken at the entrance on 
each side of the pocket in order to promote healing and to prevent leakage of the 
pancreatic fluid. Four weeks after the operation the dog was killed. A study 




Fig. 1. — Implantation of the pancreas into a pocket in the wall of the stomach 
in series 1-. A, 2 . pocket is made under the muscular coat in the posterior wall of 
the stomach. Sutures are placed in the stomach and pancreas. B, the cut end of 
the pancreas is sutured into the pocket in the stomach, preventing the discharge of 
pancreatic juice into the peritoneal cavity. 

of the results of the operation revealed a firm, smooth union between the tail of 
the pancreas and the wall of the stomach. The pancreas was in a good state 
of preservation. There was no accumulation of pancreatic juice in the pocket nor 
any erosion (digestion) of the walls of the pocket. 

A second experiment consisted in the removal of the tail of the pancreas for 
about 3 inches (7.6 cm.) ; the cut end of the pancreas was drawn into the stomach 
through a crucial incision, and the opening was closed around it (fig. 2). A study 
of the results of the operation (six to ten weeks later) revealed firm, smooth 
union between the pancreas and the wall of the stomach. The pancreas looked 
normal. Serial sections were taken about 25 microns apart throughout the entire 
area of contact of the pancreas with the stomach, and it was found that the mucosa 
of the stomach had completely grown over the defect produced at operation and 
that there was a layer of connective tissue between the mucosa of the stomach and 
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the jiMiicrcatic tissue. 'J'lic foregoing e.spcrinicnt ^v,^s repeated in other dogs with 
this dilTcrcnce, that the iiinin pancreatic duct was c.\poscd and divided between 
ligatures. Jn these dogs, also, the nnico.sa was found to liave united over the cut 
end of tlic pancreas. I’resunialily, tlic i)ancrcas emptied itself into the duodenum 
hy accessory ducts. 



SERIES II 

I„ this series removed .he head of .he pa.mreas a.ri Sd'ferf.hn.Tj ' 
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pancreas. This duct was divided between two ligatures, but no attempt was made 
to sever all of the possible accessory ducts. 

A study of the results of the operation again revealed good union between the 
wall of the stomach and the pancreas but no communication between the pancreas 
and the lumen of the stomach, probably for the t;ame physiologic reason as m 
series I. The pancreas looked normal except for patchy foci of inflammation about 
the old sutures (figs. 7 and 8). 



Fig. 3. — Implantation of the pancreas into the cavity of the stomach in series II. 
The explanation is the same as for figure 2, e.xcept that the head of the pancreas 
was removed and the stump was implanted into the cavity of the stomach. 

SERIES III 

In these e.xperimcnts the head and neck of the pancreas were removed. The 
stump was dissected 1 inch (2.5 cm.) beyond the point where the pancreatic ducts 
enter the duodenum (fig. 4). Here an attempt was made to cut through all duct 
connections to the duodenum. The central duct was exposed from 14 to 1 inch 
and bleeding controlled. Clear pancreatic fluid could be plainly seen escaping 
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Iron; tlif 'I'lie stiimi) was tlicn rnijilaiitcd into the posterior wall of the 

stoiiiaeli as f(»Ilows : 

A triradiatc or crucial incision, large enough to admit the end of the pancreas 
freely, was iiitide inti» the posterior wall of the stomach about 1 inch above the 
great curvature and near to the pylorus, thus forming three or four flaps 
(fig. •I.-/, .r). A silk suture was passed through the point of each flap and tied. 
This was used to invert the flap by passing the suture into the cavity of the 
stomacli and out tlirnugli the wall 1 inch away from the cut edge. By pulling on 







Fig. 4.— Implantation of the pancreas into the and neck portion 

The explanation is the same as for figure , ^ orifices patent was 

of the pancreas svas excised, and the stump with its duct 

implanted into the cavity of the stomach. 

these sutures the end, of the flaps were 

stump of the pauereas W O” m be ““planted (flfl. d-d- ^ 

side of the pancreas about 1 from d pancreas into 

sutures were used as traction sutures to draw ^ , „to 1 c 

nmen of the stomach. These were now_ earned th^u ,,,, e.i s 



TRiPODl-SHERWlN — TRANSPLANTATION OP PANCREAS 351 

was taken, the stomach being sewed to the pancreas (fig. 4/?, c). A sniall piece 
of omentum was drawn around the implanted pancreas and secured to the stomach 
wound by one or two sutures (fig. 2, C, o). 

The abdomen was closed with catgut, without drainage, and the skin sutured 
with catgut and treated with iodine. Some of our dogs had been anesthetized 
with ethyl carbamate hypodermically. These died within forty-eight hours. In 
all we found serious hemorrhage into the stomach. We also lost several dogs 
from pneumonia. In no case was there any apparent leakage of gastric juice or 
any infection. 

Of the surviving dogs, three were allowed to live for about nine months, during 
which time they were kept with a control dog. They fed on dog biscuits for 
about four months, then large amounts of meats and fats, then excess carho- 



Fig. 5. — Photomicrograph showing normal pancreatic tissue (I), a pancreatic 
duct with its lumen (2) and the firm fibrous union to the muscularis of the wall of 
the stomach (3). 


hydrates, and later on mixed refuse from the cafeteria. All the dogs lost weight 
on the dog biscuit diet but gained on a mixed diet. 

Gastric contents, blood and urine were obtained at five week intervals. 

Gastric analysis revealed that the pancreatic lipase (copper soap method) was 
strongly positive in all three dogs, except at one examination of one dog, and 
never in the control dog. 

Trypsin was found in the stomachs of two dogs ; questionable or negative reac- 
tions to the test were given by one dog, and trypsin was never found in the 
control dog. 

Blood sugar varied from SO to 105 mg. per hundred cubic centimeters in the 
dogs on which operation was performed, and from 66 to 83 mg. in the control dog 
After four weeks on a diet high in carbohydrate, the blood sugar was 07, 71 and 

/I mg, in the dogs on which operation was performed and 77 mg. in the control 
dog. 



Fig. 6. — A, photomicrograph showing normal pancreatic tissue (I), a large 
pancreatic duct with its lumen (2), the firm fibrous union to the muscularis of the 
wall of the stomach (S) and muscularis mucosae (■/). B, high power photomicro- 
graph showing normal pylorus mucosae and glands, with continuity of the muscu- 
laris mucosae with the walls of the duct (a). 
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UniK; oljtamcci by cnlbclcr never sliowcd sugar in either the operafed dogs or 
tlie control dog. ^ 

J besc dog.s were Icilled after frfnn nine to ten months. One dog which remained 
undernuiiri.siK'd. at aiitop.sy, after nine iiiontli.s, showed a gross complete atrophy of 
t le pancreas, jiossibK due to ilic damage to its blood supply or to its ducts, but 
di(i ))a\e an enormous liypertroply of (he gastro-infestina! tract. This is under- 
going further investigation. Jificroscopic examination of the site of implantation 
in tile otiicr dog.s showed that the gross pancreatic tissue within the stomach was 
digested, hut the duct was in continuity with the lunren of the stomach (hg. S). 

1 liesc two speciniens in wliich (he cephalic end of the pancreas was united to 
the sloinach were cut in serial sections. In botli specimens the pancreatic tissue 
attaclicd to the wall of the stomach was normal, and a large duct was discovered 
just under the gastric mucosa (fig. 6). In one specimen the duct connection to 
the stiriace could not be definitely followed, although there were indications of a 
small duct .svsfcm continuous with the gastric mucosa. The second specimen 
demonstrated a large pancreatic duct in which the lumen w'as continuous with 
tliat of the stomach, and continuit.v of the mucous membrane of the stomach with 
that of the duct was easily demonstrable (tig. 6). There was no evidence ol 
any patiioiogic reaction within the wall of the stomach or the mucosa. The 
failure of the duct to heal in and establish continuity with the mucosa of the 
stomach in the first series, we attributed to the presence of an accessory duct or 
ducts, but it must be stated that in the first series the opening into the stomach 
was fartiier away from the pylorus than it was in the second series. The expen- 
inental evidence suggests that implantation should occur into the pyloric end rather 
than into the fundic end of the stomach. The free anastomosis about the pan- 
creas seems to take care of the blood supply of pancreatic tissue no matter which 
part is implanted, and this is borne out by the excellent preservation of the pan- 
creatic substance, both in gross and in microscopic specimens (figs. S, 6, 1 and S). 


CONCLVSION 


Tlte pancreas titay be successfully implanted in the stomach, and 
its internal and external functions preserved. 

The establishment of the possibility of surgical connection between 
the pancreas and the stomach opens an extensive program of research 
for both surgical and physiologic investigators. 


Drs. H. N. Allen and O. E. Hagebush performed the biocbemica! e.xamina- 
tions ; Drs. William Collier and A. G. Pohlman, the microscopic examinations, an 
our chief, Dr. W. T. Coughlin, at whose request and suggestion we undertook 
work, gave valuable aid. 
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CRANIAL OSTEOMAS AND HYPEROSTOSES PRO- 
DUCED BY MENINGEAL FIBROBLASTOMAS 

A CLINICAL PATHOLOGIC STUDY 

FRANCIS ECHLIN, 

NEW YORK 

Clinically, an osteoma of the cranial surface may sometimes closely 
simulate a hyperostosis produced b}' a meningeal fibroblastoma (dural 
endothelioma, meningioma). The importance of distinguishing between 
these two lesions, so different in their ultimate results, lends intrigue to 
an already interesting study. 

In the recent literature considerable attention has been given to 
hyperostoses resulting from infiltration of the skull by meningeal 
fibroblastomas. From a clinical and operative point of view, this atten- 
tion has also been extended to osteomas about the frontal sinus ^ and 
orbit.^’' A study of osteomas of the external surface of the cranium, 
however, would appear to have been largely neglected. Judging from 
the material in this laboratory, the latter osteomas occur almost as 
frequently as clinically recognizable hyperostoses cranii produced by 
meningeal tumors. 

An attempt shall be made in this paper to explain the true nature of 
osteomas of the external surface of the cranium as well as their clinical, 
pathologic and roentgenographic differentiation from hyperostoses pro- 
duced by meningeal fibroblastomas. 

The material for this article was collected in the Surgical Patho- 
logical Laboratory of the Johns Hopkins Hospital from approximately 
2,000 cases of tumors of the bone and 1,000 cases listed under tumors of 
the head and skull, which included approximately 350 cases of tumor 
of the brain. All the osteomas of the external surface of the cranium 
or hyperostoses caused by meningeal fibroblastomas were verified by 
microscopic examination. 

OSTEOMAS OF THE EXTERNAL SURFACE OF THE CRANIUM 

Under this heading are included osteomas which apparently arise 
from preosseous tissue on the cranial surface. If one attributes osteo- 

From the Department of Surgery and Surgical Pathologj-, Johns Hopkins 
Hospital and University, Baltimore. 

1. Armitage, George: Osteoma of the Frontal Sinus with Particular Refer- 
ence to Intracranial Complications, Brit. J. Surg. 18:565, 1931. 

la. Cusiiing. Harvey; Experiences with Orbito-Ethmoidal Osteomata Having 
Intracranial Complications, Surg., Gynec. & Ohst. 44:721. 1927 
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gcilic ])o\vcrs to the periosteum, then these osteomas may be regarded 
as apparently arising in tlic deeper layers of this tissue. On the other 
hand, if one is of the belief that the periosteum includes only the outer 
layer of fibrous tissue covering the skull, which seems to act as a 
limiting membrane onl}’, then these osteomas must be regarded as 
apparcntl}’ originating in the underlying preosseous tissue. 

Whether the cranial osteomas should be classed as true neoplasms is 


a debatable question. Ewing”’ wrote: 

CircuinscriI)(.'(I ovcrgrowtli of bone occurs under such a wide variety of condi- 
tions and the di.stinction between inflammatory and neoplastic hyperplasia o tie 
tissue is so often obscure that it has never been possible to define the limits o 
osteomata. In discussions of osteomata, it is customary to include all lo™ ° 
overgrowth of bone, thus securing an effective comparison of true and partia o y 

neo])lnsnis. 

Xot quite such a broad classification is adhered to in this aiticle, 
as there are a number of osteomas arising from the external ° 

the cranium, which appear to comprise a distinct poup witi sp 
characteristics, that are worthy of individual consideration, hi orde^ 
to define the boundaries of this special group, it is well simsts, 

apparently similar cranial osteomas arising from tie^ \ i pgrostoses 
orbit and inner table of the skull, the ventral ^ 

of the inner table of the calvarium and also certain othei ^ 

known etiology, often referred to as osteomas, such as 
produced by osteomyelitis, syphilis and siniilar crania! 

Lteochondromas. The groups not included m the mam class 
osteomas to be presented deserve brief inention. .rented by 

Osteomas of the frontal sinus and orbit are not 

the material from this laboratory. ^ appear to arise 

ment are still the subject of debate, l' any ° j ^ I preosseous 
from the deeper layers of the periosteum or f.rins. 

tissue and present in their growth both spongy an j^i group 

They apparently are the result of a 1-°-- 

of osteomas to be described. They arise m a ,, ,ital 

unlike osteomas of the cranial 

structures. They sometimes cause a sve ^ distinguisli- 

Skull by pressure, but by roentgenograplnc stud) je 
able from osteomas arising on the cram excluded from 

Osteomas of the inner table, which f ° appear lo 

detailed description, seem to ^surface of the skuH- 

arise from the eiidocranium on the laboratory. None of 

A BOO. o, .000.... P, - r. 

Saunders Company, 1928. 
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In theiv symptomatology they were indistinguishable from meningeal 
fibroblastomas. 

Symmetrical hyperostoses of the inner table of the calvarium usually 
are found only at autopsy, occur most frequently in females and are 
confined particularly to the frontal region. Ihey are usually symptom- 
less. Yolton’s- paper should be consulted for a more detailed 
description. 

The other cases found in the laboratory which should be excluded 
before a presentation of the more special group of osteomas is attempted 
are as follows: One was the case of a man, aged 34, who presented 
exostoses of the frontal, malar and clavicular bones and a positive 
Wassermann reaction; the growths disappeared ■ rapidly following 
antisyphilitic treatment. In the next case there was a microscopi- 
cally unverified osteoma of the external auditory canal, apparently 
similar to that reported by Lillie and Williams.® The last case was that 
of a patient, aged 15, presenting an osteochondroma of the occipital 
bone at the site of attachment of the trapezius muscle (fig. 1). The 
fact that in the roentgenogram this tumor showed a cartilaginous cap 
and arose from the basi-occipital bone, which is preformed in cartilage, 
at the site of attachment of the trapezius muscle in the tendon of which 
precartilaginous connective tissue may be found, excludes this case 
from the main series to be described. 

When the foregoing cases ai'e excluded, there is left a group that 
presents special characteristics. This group is the one presented here. 

The special gi'oup of osteomas discussed in this paper are benign 
bony tumors usually arising before or about puberty from the external 
surface of the cranium and most frequently involving the frontal bone. 
The symptoms, as a rule, are mild, but rarely definite signs of compres- 
sion of the brain or of cortical irritation may arise late in the course of 
the disease. In this series the average duration of the tumor at the time 
of operation was nineteen years, but a case is recorded with a history of 
only one year’s duration and another of sixty-six years. The roentgeno- 
graphic picture varies according to the stage of development of the 
tumor. Thus, it may show a small button-like tumor on the surface 
of the outer table, an enormous subperiosteal bony tumor with complete 
absorption of the outer table and involvement of the diploe in places, 
or. finally, a spong}' or eburnated osteoma Ijfing noth its base on the 
inner table and showing on its surface a bony shell. Microscopically, 
the tumors are either eburnated and composed of quiescent adult corti- 

2, Yolton. L. \■\^; y^'entral Symmetric Hyperostosis of Inner Table of Cal- 

13:181 (June) 1930; Arch. Path. 9:534 (Feb.) 

.3. Lillie. H. I., ami Williams. H. L.: S. Clin. North America 11:801 (An-) 
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ca! and cancellous ijone, or sjwngy with proliferating preosseous tis- 
sue and youiJg trabeculae of cancellous bone. Between these two 
t_\pes ate found osteomas showing intevtnedia.vy stages of ossification. 
On the surface of apparcntl}' all types of osteomas is a layer of fibrous 
tissue (periosteum), which in the spong}^ type and in certain small areas 
c ou mated t\ 'pe shows in its deeper Ia3fers a gradual transition 
through a fibrospindle cell stage to an adult preosseous tissue, actively 
concerned in bone formation. Later it is pointed out that the eburnated 
and spong}' osteomas arc only different stages of the same process, and 
that they apparenti}’’ all arise from the deeper layers of the periosteum 
or subperiosteal preosseous tissue which lies on their surface. 



Fig. 1 (path. no. 47270), — Roentgenogram showing an osteochondroma 
from the occipital bone near the attachment of the trapezius muscle, t e ^ 
of which contains precartilaginous connective tissue. Note the carti 
and the tendency of the tumor to develop in a longitudinal manner, ou 
from the bone. 


PRESENTATION OF CASE HISTORIES 


CLINICAL FEATURES ^ 

The present analysis is compiled from nineteen cases of 
the outer surface of the cranium reported in the literature an _ 
cases found in the Surgical Pathological Laboratory of toe j 


opkins Hospital. octeoma of 

All of the patients complained of a bon,v hard tumor 

ng duration attached to the surface of the skull. 
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Etiology— In five cases, llie sex was not recorded, but in the 
others, twelve of the patients were females and nine males. There was 
a history of trauma indor to the appearance of the tumor in eight cases, 
but the majority seem to have arisen spontaneously. A low grade peri- 
ostitis majf have played a role in the production of some of the growths 
and particularly in those in which the skin was broken at the site of 
trauma and in those arising near the frontal sinuses or mastoid portion 
of the temporal bone, but there is no definite proof of this. No history 
of rickets was noted in this series. 

In no case was there any suggestion of a hereditary factor influ- 
encing the growth of the osteoma, although in two cases the tumor was 
present at birth. Trauma at birth must be considered as a possible 
factor. 

It is interesting to note that in fifteen cases the patient was 12 years 
of age or younger when the growth first appeared, and in ten cases the 
osteoma was noted before the patient was 8 years old. No age of onset 
is given in five cases, but the eldest of these patients was 31 years old 
and when one considers the slow growth of the usual osteoma, it is 
logical to believe that these five patients also were young at the onset 
of the tumor. The other six patients ranged from 14 to 31 years of 
age when the tumor appeared. 

Signs and Symptoms . — A bony, hard, nonmovable, painless lump 
protruding from the surface of the skull was the first sign noticed in all 
patients. 

In the twenty-six cases, thirteen osteomas were almost totally 
restricted to the frontal bone. Five tumors involved particularly the 
parietal bones, but three of these also involved the frontal bone. The 
remaining eight tumors were attached to the temporal bone, but several 
of these encroached’ on the parietal bone and two on the occipital. 

The majority of the osteomas grew slowly and steadily, but in some 
cases trauma to the tumor or incomplete removal at operation precipi- 
tated an acceleration in growth. In case 23, the tumor appeared spon- 
taneously to grow more rapidly about puberty. 

The great majority of histories indicate that the condition was 
s3anptomless, but in the histories of more recent years and particularly in 
my own cases, dizziness, headaches, a sense of pressure and pain 
about the lump were noted. From only three patients was there 
obtained a history of symptoms of cerebral damage, one of these having 
had epileptic seizures fifty-three years after the onset of the tumor, 
another increasing symptoms of a right-sided cerebral lesion following 
a serious fracture of the skull in infancy, and the third patient (case 5), 
mental retardation. Fainting spells were noted in case 7, but these 
may have been functional. 
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J lie (hnalioii of (lie tumor at the time of operation is recorded in 
nineteen cases, and in fourteen of these there was a historj'^ of over 
eleven \-ears, the average time being twenty-four years. The histories 
in the othei five case.s dated hack from one to ten years. The average 
duiation of the tumor, taking the nineteen cases collectively, was nine- 
teen years. 

I he rarity of severe svmptoms and the protracted course of these 
lesions indicated their bcnignancy. Von Eiselberg^ and Bassoe^ each 
reported a case with sccondaiy malignant change in an atj^pical cranial 
osteoma. Bassoe’s case was that of the famous giant, Wilkins. Sec- 
ondary sarcomatous change in exostoses (osteochondromas) elsewhere 
in the body is comparatively common, but tliese tumors, as is well known, 
are chondrom 3 'xosarcomas, having their origin in precartilaginous con- 
nective tissue which is apparently absent about the cranial vault. 
Geschickter ® collected eighty of these cases. 

Physical Examination . — As far as can be ascertained, the majority 
of the patients appeared healthy and intelligent, but there was some 
mental retardation in case 5. In only one instance (case 5) is there a 
record of fever or increase in the pulse rate, and in this case the cause 
of the fever was uncertain. 

The osteomas varied in size from that of a small ^valnut to that of 
a grape-fruit, but the original tumor in some cases was as small as a 
pinhead. The skin over the growth was freety movable and appeared 
normal except in case 7, in ivhich an increase in imscularity was noted, 
and in a few cases in which a scar of a previous operation was present. 
The majority of the osteomas were in the frontal region and four of 


them at least involved the glabella of this bone. In every case 


the 

tumor was bon}^, hard, nonmovable and firml}^ attached to the skulk 
In most cases, it was smooth, rounded, broad-based and semispherica , 
and appeared to shade imperceptibly into the surrounding skulk n 
some cases, the surface was slightly irregular and somewhat lobulate 
Small button-like osteomas lying on the external table of the skull h.we 
been mentioned b}'^ Virchow,' and a picture of a similar osteoma on t ic 
surface of the frontal bone is shoAvn by MacCallum ® ''separated roni 

4. von Eiselberg, F. : Zur Casuistik der Knocheren Tumoren cles Sclw<e 
daches, Arch. f. klin. Chin 81:1, 1906. 

5. Bassoe, P. : Concerning an Exostosis of the Skull Undergoing Sarcoma 

Change, J. Nerv. & Ment. Dis. 30:513, 1903. York, 

6. Geschickter, C. F., and Copeland, M. M.: Tumors of Bone, ^cw 

American Journal of Cancer, 1931. . 

7. Virchow, R. : Die krankhaften Geschwiilste, Berlin, A. Hmscliwa c . 

8? MacCallum, W. G.; A Text Book of Pathology-, Pliilaclclplun. 

Saunders Company, 1928. 
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the skull around the edges as to rippcav iiedunculaled." Similar 
small osteomas have been found attached to the surface of the facial 
hones. 

Two osteomas were present on the skull in four of the cases, and 
tenderness over the growth was present in two. Osteomas were found 
elsewhere on the skeleton in two cases, and there was also a case in 
which there were symptoms of a right-sided cerebral lesion with signs 
of left hemiplegia, internal strabismus and a history of fractured skull. 
Percussion over the osteomas gave results similar to that done else- 
where over the cranium, and no cracked-pot sound was noted. Auscul- 
tation when done likewise gave negative results. 

General physical and neurologic examinations gave apparently nega- 
tive results, except as already stated. The white blood cell count was 
slightly elevated in two cases. This may have been due to poor count- 
ing, as the hemoglobin, temperature and pulse rate were normal in these 
cases. No other abnormalities in morphologic or serologic blood studies 
were recorded, nor was there anything of importance noted in the 
urine of these patients. 

* 

ROENTGENOGRAPHIC FEATURES 


The literature unfortunately contains little of value concerning the 
roentgenographic features of the osteomas of the cranial surface. Only 
seven good roentgenograms were found, two of these in the literature 
(cases of Marey “ and Orator ^®) and five in this laboratory. All the 
tumors, six of which were of the spongy type and one of the eburnated 
type, had been present for over twelve years when the roentgenograms 
were taken. 

Although the number of roentgenograms available limit the scope 
of the study, there are maiiy features characteristic of osteomas which 
give valuable clues to their origin, mode of growth and early appear- 
ance, as well as aid in differentiating them from other cranial lesions. 

The seven roentgenograms show a smooth or slightly irregular and 
in some cases faintly lobular domelike swelling, extending outward for 
a varying distance from the surface of the skull. The base of the 

mound in every case is formed by the inner table of the skull which 

appears thickened and in most cases slightly depressed. 

In six cases the body of the tumor is continuous with the diploe, 

the outer table of the skull having completely disappeared. In the 

rotengenograms for cases 1, 4, 5 and 6, a thin layer of bone extends 
ove^ie surface of the dome of the tumor, being most pronounced in 


9. Marey, Georges: Contribution a I’etude d’une variete particuliere d’exostose 
de la voute cranienne, le spongiosteome. These de Paris, 1910 no 87 

10. Orator V.; Bcitrag zur Chirurgie der Schadeldachosteom'e, Deutsches 

Ztschr. f. Chir. 233:459, 1931. ^euiscnes 
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case 1 in which the growth is an cbiirnated osteoma. These roent- 
^cno^iams gi\c one the iinpi ession that the tumor arose in the cliploe 
and pushed the outer table before it in its growth. This is what appears 
to ]la^ e taken place and is the accepted thcor}'', but it seems unlikely that 
a new giowth arising in the diploc could produce an original tumor the 
size of a jjca, which was true in case 5 (fig. 2), without first passing 
thiough the outer table. If the growth did pass through the outer table, 
then the thcoi'A' of its expansion before the tumor is incorrect. If the 
tumor arose in the diploe, the swelling would in all probability have been 
more fusiform with more depression of the inner table than is seen. 
Microscopicallj’, it is shown below that the shell of bone over the sur- 
face of these neoplasms is new bone in the process of being formed 
from preosseous tissue and is not the expanded outer table. 



Fig. 2 (case 5). — Roentgenogram of an enormous spongy osteoma which arose 
from preosseous tissue on the surface of the frontal bone. The tumor is continuous 
with the diploe. A thin shell of new bone lies on its surface, and its base is 
formed by a thickened and slightly depressed inner table of the skull. The inner 
table, although wavy' in outline, is smooth and clearly demarcated. The ron a 
sinuses are enormous, but there is no tendency for the tumor to fill them. 


The density of the body of the osteomas varies from about that o 
the diploe to a very dense shadotv, as is seen in the eburnated tumor. 
The dome of the tumor in Orator’s case presented an irregular mo ^ 
tied appearance of increased density, characteristic^ of the ‘ 

laydng down of more adult bone. An anteroposterior view o 
spong3^ osteomas shows what appears to be an erosion o tie 
The spongy nature of the bone is usually- responsible for this app ‘ 

ance of erosion. . 

The frontal sinuses are enlarged, although empty, m those ^ 
which the tumor encroaches on the glabella of the frontal one. 

case they are enormous (fig- 2). - , „ nf ronsiclcr- 

The roentgenogram (fig. 4) in case 7 presents a pictur 

able importance, as it gives some indication of the origin an 
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mode of growth of these tumors. It shows particularly the lateral edge 
of the tumor where there is evidence of a largely absorbed, moth-eaten 
looking, hut still partially persistent, outer table of the skull, passing 
through the depth of the tumor with the greater portion of the tumor 
overlying this outer table. At the extreme periphery of the osteoma 
where the outer table is best preserved, there is considerable bony sub- 
periosteal proliferation. The diploic space throughout appears little 
wider than normal. A roentgenogram of a cross-section taken through 
the center of the tumor, however, shows no evidence of the old outer 
table; it apparently had undergone complete spongy transformation 
or absorption (fig. 5). Roentgenographically, the tumor as a whole 
presents a fluffy mottled appearance with areas of increased porosity 
and new bone formation with a tendency for the bone spicules to be 
laid down in a somewhat peripherally radiating fashion on its surface. 



Fig. 3 (case 6). — Roentgenogram showing a spongy osteoma involving the 
frontal bone. The tumor shows a very thin shell of new bone on its surface. It 
is continuous with the diploe. Its base is formed by a thickened and slightly 
depressed inner table of the cranium. The inner surface of the skull underlying 
the osteoma is smooth. The left frontal sinus is enlarged. This tumor was 
eburnated at its lower periphery. 

This picture in a long bone would suggest a malignant growth. This 
malignant appearance is frequently seen in benign growths arising in 
membranous bone. The base of the tumor in its middle portion, as 
pointed out, is formed by a somewhat thickened and slightly depressed 
inner table. 

From figure 5 it appears that the osteoma did not arise in the diploe, 
but in the periosteal region where the formation of considerable new 
bone of a porous appearance occurred, and finally most of the outer 
table became absorbed or likewise transformed into spongy bone 
This spongy transformation of the outer table is seen particularly in the 
cross-section through the center of the tumor. The tumor, therefore in 
time having completely absorbed the outer table of the skull would’ be 
everywhere continuous with the diploic space and appear to’be arising 




306 


AKCIiniiS 01- SURGERY 


from it. If these obser\’ations are correct, this osteoma represents an 
earlier stage in development than the six osteomas previously described, 
in which the old outer table had completely disappeared in the regions of 
the osteoma, and in some cases a layer of bone had been laid down on 
the surface of the tumor. Carrying the idea further, one may imagine 



Fig. 4 (case 7) .—Roentgenogram showing the periphery of a 
Subperiosteal bony proliferation overlying a partially intact 
stall i, .Wdcnl, especially a. .He right hand edge et the esteem • 
evidence ot some radial arrangement of the new ' SbreblasloiM. 

easily confused with on, of an e.tas,es,s “7'>7, “ daerentto it 

Figure S, taken to show the central |„ner table is sligbtly 

from a hyperostosis of meningeal origin. Note that the mn 

depressed, but clearly outlined. 










Fig. 5 (case 7 ). -Roentgenogram ^ 

utnor shown in figure 4. The dome-shaped nature of the P SJ transformation 
iZn here. The“outer table of the sicull ^ 

)r absorption and is no longer evi e shows the mar 

lashion only near the surface ^ produced by meningeal U.m^^-. 

)f the meningeal vessels, and, unlik extending downward from its 

:Se Ve'r„lgel^rm ts Scl. .me.n.ts .t 

roughening on the inner surface o, the stall. 

that the osteoma in case 7 stas should k 

on the surface of the outer table. In support 
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mentioned that I have found a number of small, spongy osteomas in the 
periosteal region about the membranous bone of the face. 

GROSS PATHOLOGY 

A correlation of the observations recorded at operation with those 
made on examination of the gross specimens proves of value in the 
determination of the nature of these cranial osteomas. Although many 
of these tumors present a difference in gross structure, the origin and 
mode of growth appear to be essentially tbe same in all types. These 
differences in gross structure seem to represent only separate stages in 
the development of osteomas. The nature of the tumor appears to be 
influenced in part by the age of the patient. 

In the gross some of the tumors lie flat on the surface of the skull, 
apparentl}' being attached only to the outer table. Others appear to 
penetrate as far as the outer layers of the diploe, and there are finally 
tumors which lie with their base on a thickened and slightly depressed 
inner table, the outer table having completely disappeared. 

The consistence of these osteomas likewise varies, some being 
spongy and cancellous (spong}’ osteomas), others eburnated or hard 
(eburnated osteomas). 

Even among the spongy type differences in structure can be detected, 
but apparently all of them show dense fibrous tissue on their surface, 
which fuses with the surrounding periosteum. This fibrous tissue is 
often abundant. Some of the tumors show a layer of bone beneath this 
fibrous tissue, while in others it is absent. This layer of bone may be 
continuous, thick and hard, or irregularly distributed, thin and easily 
broken through. When it is present, it is usually continuous with the 
outer table of the skull, and beneath it there is relativel}'' avascular, 
tough, cancellous bone continuous with the diploe. In those cases in 
which no layer of bone is present, the fibrous tissue on the surface 
becomes directly continuous with an underlying soft, vascular, more 
mushy cancellous bone than that above, which usually can be followed 
inwardly to the inner table of the skull and is everywhere in direct con- 
tinuation with the diploe. The larger osteomas arise, as a rule, before 
puberty and are usually of the spongy type that show cancellous bone 
extending to the inner table. 

The so-called eburnated osteomas present a more uniform picture. 
The same type of fibrous tissue lies on their surface, but cortical bone is 
present beneath this tissue in all cases. Extending toward the depth of 
the tumor from the undersurface of the cortical bone, there is usually 
adult cancellous bone which is hard and much more difficult to cut than 
that encountered in the spongy osteomas. Cortical bone may, however, 
predominate throughout the whole tumor. The eburnated tumors are, 
as a rule, small and may lie with their base on the inner table or, per- 
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haps, as in the cases mentioned by Vircliow " and MacCallutn,® may lie 
flat on the surface of the skull like a button, being attached only in their 
more central regions. This ty'pc of tumor is more common about the 
facial bones. Of the live patients in this series who were over 21 years 
of age at the onset of the tumor, four presented osteomas of the 
eburnated t 3 'pe, and in case 1, although the nature of the original tumor 
is not known, the recurrent one arising when the patient was 22 years 
of age was of the eburnated ty'pe. A tendenej" of the osteomas arising 
in adults to be eburnated is therefore evident. 

It should be mentioned that in case 3 two small perforations of tie 
skull were present at the edge of the osteoma. Infection may haie 
been a factor in this case. 


MICROSCOPIC FEATURES 

The microscopic picture of an osteoma of the outer table of the 
cranium varies according to the stage of development of the tumor an 
the age of the patient. On the surface of apparently a 

osteomas, there is a layer of fibrous tissue is 

may or may not be a layer of cortical bone. The center the 
usually made up of cancellous bone, either of the young or of the 

^^The microscopic picture of an eburnated ^^teo’na shoiis on 
surface of the tumor a comparatively ‘W* layer 

relatively anuclear fibrous tissue (fig. 6), w eneaeed in the 

small areas of underlying preosseous tissue winch s t 

formation of new bone (fig. 7)._Tlns fibrous tissu , 

to underlying cortical bone and in P cortical bone is 

homogeneous union with the bone. The ^ lamellae 

of the adult type with well defined, ^ This bone 

and small haversian canals, and is y a 

usually shows a gradual transformation to inter- 

center of the tumor is approached, and m this 

lacing of adult laminated bony spicules, w . ^ hematopoietic 

trabecular spaces containing scanty domintes through- 

elements. In some of the osteomas, cortical P 
out (fig. 6). These eburnated osteomas may prese 1 y 
bl thiir inner as well as on tar outer ^ 
inner table of the skull {fig. 8). In some o these tumo 
of new hone is seen except subperiosteal y ( I- > , 5 l„,, sucIi 

The microscopic sections of the spon^ os ^ [lyalinised- 

a quiescent picture. On the surface of *= tnmo „pp„r- 

Uke fibrous tissue, poor in nuclear mater al and me 

,,„oe to that deooribed previously (penostcu^)^^^^^ 
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sue coutaining young osteoblasts (figs. 9 and 10). The osteoblasts aic 
lined in vows along irregularly scattered trabeculae of young bone in 
the formation of which they arc actively participating. Over a small 
area toward the surface of the tmnor in some sections, there is a ten- 
dency for the new bone to he laid down in a peripherally radiating 
fashion (fig. 9), but elsewhere throughout the tumor the trabeculae are 
everywhere arranged in an irregular manner. This irregular distribu- 
tion of trabeculae is well shown in the roentgenogram. In some of the 
sections of this type, the spongy bone extends from the surface of the 



Fig. 6 (case 1). — A low power photomicrograph of an eburnated osteoma 
showing abundant quiescent, relatively anuclear fibrous tissue (periosteum) on its 
surface. 


tumor to the inner table of the skull, the inner layers of which are 
sometimes transformed into spongy bone of a more dense nature 
than that seen in the center of the tumor (fig. 11). This type of 
spongy bone extends over a wider area than the normal inner table 
and hence could account for the thickening seen in the roentgenograms. 
In no section is there evidence of new bone formation on the part of 
the endocranium (endosteum), and if this does take place in some 
cases, it must be small in amount or severe symptoms of compression 
of the brain would ensue, which rarely happens in this type of osteoma. 
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Oil llic cond.'iry, (ho ciKlocraiiimii ajipcars to act in some measure as an 
internal limiting' membrane preventing; aii}’’ marked depression of the 
innci table. It is possible in some cases that the inner table niaj' 
become completcl}’ transformed into spong'}'' bone, and although this has 
ne\ ci been observed, it would account for the slight depression of the 
inner table which is so frequently seen. In some osteomas of the 
spongy tyjic. a layer of bone lies under (he periosteum (fig. 12 ). 
Beneath (his la3'er, although 3‘oung cancellous bone is present, it appears 
less vascular and more mature than in the t3q)e lacking a la3'er of sur- 



Fig. 7 (case 6).— Low power photomicrograph of the eburnated 
spongy osteoma. Small quantities of new bone are being laid down 
on the surface of cortical bone in the upper left hand portion of the picture, 
osteoblasts can be seen on the surface of the bone. Note tiic relative) an 
appearance of the fibrous tissue in the c.Ktreme upper left hand corner. 


face bone. It is important to note that the ]a3^er of surface ‘ 

first is young in type and is actively being formed fiom 
tissue. It cannot, therefore, be the expanded outer ta j c. 
osteomas which show intermediary stages of ossification Je n 
the aforementioned types. It would seem, therefore, la 
sent onl)- different stages in the development of a simi ar procc 
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It should be mentioned that giant cell osteoclasts .are seen scattered 
irregularly throughout the preosscous tissue in the s]wngy osteomas. 
In some places they are in apposition with bony spicules where they lie 
in little “lacunae.” 

As the result of trauma or some other less clearly understood stimu- 
lus, eburnated osteomas, which as a rule are small, in youthful patients 
appear able to take on a more active growth and hence are con- 
verted into a spongy form, which type comprises the majority of the 



Fig. 8 (case 1). — A low power photomicrograph of an eburnated osteoma 
showing the smooth inner surface of the skull from which the endocranium has 
been stripped. 


larger tumors. In 1863, Virchow ' recorded a similar observation. 
He recognized that certain cranial osteomas, originally of a porous 
nature, became eburnated in their later growth and were finally recon- 
verted into a spongy form. These observations have been largely 
neglected by more recent authors. 

In the central regions of a spongy osteoma the microscopic picture 
IS similar to that seen in most benign ossifying lesions, such as Paget’s 
disease, ossifying periostitis and osteitis fibrosa or in the wall of a bone 
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HISTOGENESIS 

rocntlfM^l analysis, much evidence was presented clinically, 

uit cnologically, grossly and microscopically that certain osteomas 
ai Ksc fiom prcosseous tissue on the cranial surface and that these 
s comas when actively growing are spongy and usually absorb the 
OU cr .11 e of the skull, hut when slowly growing or when the eiid- 
s ages ot ossihcalion have been reached, they are eburnated and usually 
eatnc} quiescent. A leview of the embr3''olog3f and subsequent 



Ffg. 9 (case 7). — Low power photomicrograph showing the surface of a spongy 
osteoma. Hyalinized relatively anuclear fibrous tissue (periosteum) on the sur- 
face gives place in its deeper layers to adult preosseous tissue engaged in Ixme 
formation. The tendency for the spicules of new bone to be laid down in a 
peripherally radiating fashion is seen here at the surface of the tumor, but in its 
deeper lai^ers they are laid down in an irregular fashion. 


growth of the normal skull as well as the histogenesis of bone in gcrt' 
eral supports these observations. 

It is generall3^ accepted that the bones of the cranial vault and face 
(including the interparietal, parietal, frontal, squamous and tympanic 
bones, the median pterygoid plate of the sphenoid, the nasal, lacnina 
and malar bones, the palatine, vomer, maxilla and a portion of t 'c 
mandible) undergo intramembraneous ossification, being form 
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directly from the mesenchymal blastoma without the intervention of 
cartilage, and that the other bones of the skull are preformed in car- 
tilage and undergo endochondral ossification. From this it is evident 
that embr3fologically as well as histologicallj’, as was shown in the 
microscopic sections, the osteomas of the cranial vault, which type 
comprised the great majority of this series, originate directly in pre- 
osseous tissue and not in cartilage, or precartilaginous connective tissue 
which is absent in this region. Although Cohnheim’s theory of car- 
tilaginous “rests” could possibly be advanced in connection with 



Fig. 10 (case 7). — Photomicrograph showing a higher magnification of the 
surface of the spongy osteoma seen in figure 9. In the upper right hand corner 
is seen relatively anuclear hyalinized fibrous tissue (periosteum). This hyalinized 
fibrous tissue in its deeper layers shows a transition through a fibrospindle cell 
stage to preosseous tissue containing osteoblasts which in places are lined in rows 
along young trabeculae of new bone in the formation of which they are actively 
participating. Probable evidence that osteoclasis goes hand in hand with osteo- 
genesis is supplied by the presence of a few giant cell osteoclasts applied to the 
new-formed body spicules. 

osteomas having their origin in bones preformed in cartilage, it does not 
seem logical to apply it to those of the vault of the skull, nor, in' fact, 
even to those of the temporal bone where no cartilage has been seen 
microscopically. 
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^ Fig’. 11 (case 7). Relatively high magnification of the inner table of the skull 
mvo ved in a spongy osteoma. Note its partial spongy transformation, its sniootli 
quiescent inner surface and the absence of endocranium (endosteum). 


For almost two centuries a controversj' has been in progress con- 
cerning the osteogenic function of the periosteuin. In 1739, 
Duhainel,^^ in speaking of long bones, asserted that new bone was 
formed by the periosteum assisted by the endosteum. Since tiien be 
has had many followers, including Symes,^- Flourens,’^ Ollier,’* 

11. Duhamel, quoted from Haas.^o 

12. S 3 "mes, quoted from Haas.^® 

13. Flourens, Marie-Jean Pierre : Recherches sur le developpcrncnt tics os ct dc’ 
dents, Paris, Gide, 1S42. 

14. Ollier, Louis: Traite e.xperimental et clinique de la regener.ition tics ov tt 
de la production artificielle du tissu osseux, Paris, V. ^fasson cS: fils. iS^i7. 
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Axhavisen and Haas.’'' Opposcfl to this tlicory of the osteogenic 
vole of the periosteum there have Ijcen among others Haller.” liuntcr,’'* 
Goodsir,’® MacEwan =“ and Stump.=’ Additional com]dications arc 
supplied by MacEwang® who expressed the belief that the growth in 
diameter of the shaft of a bone is a result of interstitial growth of the 
bone itself. Stumpp’ in 1924, presented evidence that the periosteum 
is an end-differentiation of primitive connective tissue (mesenchyme) 
and that it serves only as a “limiting membrane,” the growth in thick- 
ness of a bone resulting from subperiosteal osteoblasts and undifferen- 
tiated connective tissue cells (mesenchymal remnants) which are 
intimately blended with the deeper layers of the periosteum. IMacEwan 
previously formulated the theory that the periosteum functioned as a 
“limiting membrane” only. 

Thus, if one can apply the foregoing theories to the development of 
the cranial osteomas, they may be regarded as arising either in the 
deeper layers of the periosteum or else subperiosteally, depending on 
one’s definition of the word periosteum. It does not seem likely that 
they arise from interstitial growth in the surface of the outer table, but 
this cannot be disproved here. Microscopically, the hyalinized-like 
fibrous tissue on the surface of the osteomas appears in some cases 
(figs. 9 and 10) to give rise to elongated spindle cells, which in turn 
seem to develop into adult osteoblasts. From Stump’s observations, 
however, it would seem rather that the hyalinized fibrous tissue was an 
end-product of the preosseous tissue underlying it. 

The function of the outer layers of the periosteum as a “limiting 
membrane” is in part overthrown by these tumors in their outward 
growth. The fact, however, that they do not grow in an irregular 
manner but maintain a more or less smooth domelike shape is perhaps 
evidence of the presence of a partially “limiting membrane.” On the 
other hand, the endocranium (outer dural layer), which is not involved 
in these tumors, appears to demonstrate more definitely its function as 
an internal “limiting membrane,” by preventing any marked growth 
of the tumor toward the intracranial cavity. The resistance of this 
membrane, however, also frequently gives way before the severe pres- 

15. Axhausen, George; Arch. f. hlin. Chir. 88:23, 1908-1909. 

16. Haas, S. L. : The Importance of the Periosteum and the Endosteum in the 
Repair of Transplanted Bone, Arch. Surg. 8:535 (March) 1924. 

17. Haller, quoted from Haas.^® 

18. Hunter, John; Collected Works, London, James F. Palmer, 1837. 

19. Goodsir, John; Anatomical Memoirs of John Goodsir, William Turner, 
1868. * 

20. MacEwan, William; The Growth of Bone, Glasgow, James Maclehose & 
oons, 1914. 

21. Stump, C. W.; Histogenesis of Bone, J. Anat. & Physiol. 59:136, 1925. 
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regions often until late in life certainly makes them a suspicious site, 
but although some osteomas may arise from them, others have been 

22. Poirrier, A.; Des exostoses osteogeniques de la route du crane, Paris, lS9e, 
no. 433. 
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definitely shown to arise far from the suture lines. Lven if some 
osteomas do arise from the sutures, there is no evidence to disprove 
that they arise in the periosteal region in these locations. 

In referring to the age incidence of these tumors, it was remarked 
that approximately 50 per cent of them arose before the patient was 8 
years of age and about 75 per cent before the twelfth year. These 
observations prove of significance when the growth of the skull bones 
is investigated. In Quain’s book on anatomy is found the following : 

The skull grows rapidly during about the first seven years of life. By that time 
certain parts including the circumference of the occipital foramen, the body of the 
sphenoid, the cribriform plate and the petrous portion of the temporal have attained 
their definitive size. The other regions also increase, but little, until the approach 
of puberty when a second period of active growth begins affecting especially the 
face and the frontal portions of the cranium, with which is associated the expan- 
sion of the frontal and other air sinuses — the frontal sinuses appear about the 
seventh year and continue to increase in size up to old age. 


Since the large majority of osteomas arise during the active period 
of the growth of the skull, it is logical to believe that the production 
of these lesions is more favored in growing than in nongrowing bone. 
This early age of onset was noted in osteochondromas by Geschickter ® 
and in the osteomas of the frontal sinus by Armitage,-^ who claimed 
that 50 per cent arise during adolescence. The literature seems to 
indicate that even more than 50 per cent of the osteomas of the frontal 
sinus arise before puberty, for although they may not be recognized 
until later, it is necessary to realize that they usually must attain a con- 
siderable size first. 


The next question that confronts one is, Why should approximately 
60 per cent of the osteomas involve the frontal bone and 50 per cent be 
almost totally restricted to this bone? It is known how comparatively 
common are the osteomas of the facial bones and of the frontal sinus 
of which Armitage-* collected 119 from the literature. When one 
recalls that the frontal and facial bones continue to increase in size for 
a considerable time after many of the other bones have ceased to do so, 
and also that they show a special acceleration of growth about puberty, 
it becomes apparent that there may be some relation betw^een these 
phenomena. Perhaps an osteoma in a bone which continues to grow 
actively for a long time is more likely to reach a larger size and hence 
to become clinically apparent than is an osteoma in a bone which grows 
sluggishly or ceases to grow at an earlier period. It is known that osteo- 
chondromas usually cease to grow when the bone of which they are a 


23. Quain, Jones ; Elements of Anatomy, ed. 10, edited by Schaffer and 
London, Longmans, Green & Co. ; 1890-1895, vols. 1 and 2. 


Thane, 


24. Arniitage, George; Osteoma of the Frontal Sinus with Particular Reference 
to Intracranial Complications, Brit. J. Surg. 18:565, 1931. 
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jiart ceases to do so, but unfortunately it is not known whether most of 
them would not have stojiped growing regardless of whether the bone 
did so or not. 

Another contributing factor is that if the production, of an osteoma 
is more fa\'orcd in growing bone then there is a longer period during 
which osteomas might arise from the frontal and facial bones than 
from bones ceasing to grow at an earlier date. The fact that the 
lace and the frontal regions are perhaps more subject to trauma and 
that infection is more prevalent in these regions may also be factors in 
the production of the growths. 

In the foregoing anal 3 ’sis, the osteomas appeared to arise either 
from the periosteum or subperiosteally on the surface of the sku . 
The larger osteomas were of the spmrgy type showing m their develop- 
ment a spongy transformation or absorption of the outer table an an 
eventual deposit of a layer of bone on their surface, and in some cases 
a quiescent end-stage or eburnated structure. Other osteomas, par icu- 
larly those arising in adults, appeared to remain of a more or e 
eburnated character from the beginning. These 
particular interest when one consults those who have observed the hew - 
ing of fractures. Although less callus is formed at the site o j 
ture of a cranial bone and the union is more often a spongy o , 
resultant process of healing is essentially similar to that in a ong 
when no intermediary cartilaginous stage occurs. In s’jPP 
Dr. Dandy stated that he had observed solid bony union 
cranial osteoplastic flaps. At the site of a fracture, as 
after the original blood clot has been absorbed and 
tion tissue, there occurs a formation of young bone tra 
are first seen under the stripped periosteum m its angle 
the bone” (Leriche and Policard), and Avhich spread out ^ 

of fibrous tissue betiveen the fractured ends o e .gnomeiia. 

spongy callus. Coincident with the first of the ^ 
there occurs a process concerning which Leriche and Poheard 

Biologically the most essential phenomenon, 
is constituted by the slow but progressive enlargement of the Haversian 

the fracture. This resorption ,s mamfes ed disappears by ostcolys.-S 

canals and of the connective tissue spees. The bo formation 

much less than by osteoclasis. This “ is new bone trabeculae 

r,pw bone tissue. One can therefore say that the genesis m 

seems to be conditioned by the resorption of preexisting one. 

Here, then, is a probable explanation of the or spo>ig3^ 

fornmtion of the outer table as well as the inner table of ^ 

R; and ^o^Tard A.: The ^Normal V. 

of Bone: Its Problems, translated by S. -Moore an J. 

Mosby Company, 192S. 
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Following tlie foregoing stage in tlic repair of a fractrne, 'tbeie 
occurs a resorption of the spongy callus in its more central, areas with 
reformation of the medullary canal or diploc, a gradual formation of 
cortical bone continuous with the old cortical Iwnc of the shaft or 
outer table and the return of the periosteum to its former relationship. 
This seems to explain the deposit of a bony shell over the spongy 
osteomas. 

Concerning the healing of fractures, MacCallum ® wrote ; The 
osteoid tissue may be laid down as a solid la3'er on the surface of the 
old bone or through the guidirrg action of the blood vessels assume a 
spongy form. Solid new formed tissue of this kind may be trans- 
formed later into spongy bone by the invasion of the blood vessels and 
that in turn become compact by later growth.” Thus again is seen that 
the development of an eburnated or a spongy osteoma in part at least 
represents an exact replica of the normal growth of bone, but that some 
imbalance between the various processes concerned occurs with the 
resultant formation of an osteoma. From this it is not argued that all 
osteomas are due to trauma, although a fracture through the outer 
table with coincident imbalance of the factors concerned in repair could 
well explain their origin, as it is possible for the growth impetus to 
arise in the bone from many poorly understood sources, including 
periosteal infection. To say that these osteomas arise spontaneously is 
merely an admission that they arise from some obscure cause, as is also 
the case when one is forced to use the word imbalance. 

Osteomas showing no clinical change in the outer table of the 
cranium occasionally extend toward the intracranial cavity from the 
inner surface of the skull and cause pressure on the brain. They appar- 
ently arise from the endocranium, or subendocranially. It is possible 
that osteomas may at times arise from the diploe, but no example of 
this type has been found. 

The fundamental pattern of ossification observed in this study for 
osteomas of the cranium characterized by subperiosteal bony growth 
with accompanying spongy transformation of underlying bone is also 
typical for similar new growths arising in other membranous bones. A 
subsequent study of similar lesions of the jaws was suggested by 
Dr. Geschickter. This was undertaken (Geschickter and Echlin), and a 
similar histogenesis in so-called central fibromas and central fibro- 
sarcomas, as well as osteomas, was demonstrated. These benign ossifying 
lesions, like the cranial osteomas, arise subperiosteally and are char- 
acterized in the roentgenogram by a spongy transformation of mem- 
branous bone extending outward from which is a smoothly outlined 
dome. On the surface of this dome is sometimes present a shell of 
newly formed bone. These growths often appear to be central 
because of the continuation of underlying spongy bone with the body 
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of the tumor ns well as the presence of a bony shell on their surface. 
ihis bony shell has often been mistaken for the expanded cortex of 
the imclcrljang- bone. ■\Vhen the facts gathered from the study of the 
pathology and histogenesis of cranial osteomas as reported in this paper 
aic^ considered from this larger point of view, including the similar 
ossifying lesions in other membranous bones, it seems justifiable to 
class the osteomas of membranous bones as a distinct entity different 
from the exostoses (osteochondromas) in cartilaginous bones. 


TREATMENT 

Since man}' of the cranial osteomas grow slowly and remain small, 
operative intervention is not always indicated. If a spongy osteoma, 
however, is increasing in size, it seems Avise to remove it and thus 
aA'oid a possible thickening and slight depression of the inner table. 

Unless osteomas are completely removed, they tend to recur. In 
one case, however, although only the outer portion of the tumor was 
removed, the inner table being left intact, the osteoma did not recur 
except at one portion of its peripher}' (case S). 

HISTORICAL 

Although isolated cases of osteomas of the cranial surface had 
appeared in the literature prior to 1863, Virchow ' in this year pre- 
sented the first comprehensive work on the subject. He described the 
osteoma as passing from an original spongy stage to an eburnated stage, 
and finally perhaps to a spongy stage again. The spongy type, he 
believed, showed a continuation of the cancellous bone with the diploe. 
In speaking of osteomas of the skull in general, including osteomas of 
the sinuses and orbit, he rvrote, “and scarcely do they belong to a 
single category, a part of them in my opinion belong to the enostoses, 
another part to the exostoses and a third to the chondromata. 

Prengreuber,-® in 1892, believed that exostoses of the cranium Avere 
never solitar}', bat coexisted with multiple exostoses. 

In 1895, Poirrier disagreed rvith Prengreuber. He deplored the 
state of confusion that existed in the classification of these growths, 
stating that until that time syphilitic, tuberculous and other lesion. 
were all included under the heading of osteomas. He belieA'cd that t ic} 
were solitary lesions independent of any other skeletal grouth, 
that they were more frequent in the female sex. He thought sornc o 
them might have arisen from the suture lines or from a wormian jonc. 
but gave no substantiating evidence in favor of these theories, 
wrote, “the}' are most common on the surface of the cranium am a 
usually eburnated, but may pass through a cartilaginous stage. 


26. Prengreuber, M., quoted by Marey.® 
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was quoting Virchow’s theory of chondromas when he spoke of a 
cartilaginous stage, never having observed it himself. As has Ijcen 
pointed out, osteochondromas may rarely arise from cranial l:)oncs 
preformed in cartilage, but are quite different tumors from the 
osteomas described. 

Marey,® in 1910, again stated that the osteomas of the skull had been 
somewhat neglected in the literature. He believed that “the cranial 
osteomata are not a pathological rarity. Contrary to the classical 
opinion, it is not a lesion occurring particularly in females and is able 
to co-exist with exostoses of the other bones.” In his paper he included 
a case of Nageotte’s which has been left out of this one. The patient, 
aged 15, since the age of 8 years had had exostoses of the frontal 
scapular and tibial bones with accompanying anemia and fatigue. 
Marey also wrote, “It seems legitimate to put in a group by themselves 
the spongy exostoses ‘spongiosteomes’ which are characterized by their 
faint density, their transparence in the x-ray and their tendency to 
develop not only toward the exterior, but also toward the interior of 
the cranium.” He apparently believed that the spongiosteomes were 
a different type of lesion from the eburnated ones. He presented only 
one new case. The patient had a spongy osteoma, and epileptic 
seizures developed fifty-three years after the onset of the tumor. This 
case was included in the present study. It is true that in the spongy 
osteomas the inner table of the skull sometimes becomes transformed 
into spongy bone and slightly depressed, but in the foregoing analysis it 
was shown that the spongy and eburnated osteomas are only different 
manifestations of the same process. 

Luxembourg wrote a paper on this subject in 1918 and claimed 
that he was able to find little of value concerning the osteomas in the 
literature. Some of the osteomas in the literature he described as 
developing inwardly and outwardly. The only case with signs of 
increased intracranial pressure contained in his paper, however, was 
one reported by Hauff in 1846 and appeared to have been a hyper- 
ostosis over a meningeal fibroblastoma. 

Orator,^® in his paper in 1931, briefly reviewed the German litera- 
ture on cranial osteomas and presented one new case. He concluded 
that the osteomas of the tabular bones arise early in life and are much 
more frequent in females than in males. He divided them into 
spherical and penetrating types, but did not recognize a transformation 
of one type into another, nor did he have anything to say concerning 
their origin. His own case he placed in the penetrating group. In the 
present paper it was grouped with the large spongy osteomas resting 
on a thickened and somewhat depressed inner table. In Orator’s case 


27. Luxembourg, H.; Beitrag zur Kenntnis dcr Osteome des 
Deutsche Ztschr. {. Chir. 147:256, 1918. 


Schadeldaches, 



-'iJiCIJll'ES OP SURGERY 

(lie neurologic cxamiiialioii gave negative results. Tlie osteoma in one 
01 his cases (previously reported by Erseibcrg) apparently arose from 
tlic fiontal sums, and in another multiple osteomas were present. 

n 193], Aiinitage ^ wrote, 'Osteomata of the frontal sinus as is 
almost invanabl}- the case with bony tumors growing in connection with 
tlic cranial bones ^ are of the hard, ivory compact varietj^— so-called 
e.xostoses eburnea. As was pointed out in this paper, the majority oi 
the large osteomas studied were of the spongy type. 

CR.AXI.AL HYPEROSTOSES PRODUCED BY MENINGEAL 

FIBROBLASTOMAS 


INTRODUCTION 

The fact that meningeal Rbroblastomas (meningiomas) frequently 
produce Iwperostoses of the overlying cranium is now well recognized. 
The confusion that at times exists in the clinical and roentgenographic 
ditterentiation between these h 3 'perostoses and the osteomas of the 
external surface of the cranium has prompted this portion of the paper. 

^Vith regard to the origin of the meningeal fibroblastomas, 
Penfield -® wrote, “It must therefore be concluded that these tumors 
may arise from any portion of the meninges, but that they most fre- 
quently derive their origin from arachnoidal tufts, growing into and 
being vascularized b}" the dura.” Concerning their subsequent growth, 
Cushing remarked that they may form themselves into “massive 
tumors with a relativel 3 ' small area of meningeal attachment" or into 
“tumors en plaque which are but s]ightl 3 i- elevated, though they may 
involve a considerable area of dura.” 

Coincident with this growth there may occur changes in the over- 
hung skull, evidenced first by a hypervascularization and then perhaps 
by a partial erosion or proliferation of new bone, “most striking on the 
internal and external surfaces of the skull, where it is easily distin- 
guishable as la3^ers of new bone superimposed on one another^ 
(KoIodn3^ ®°). Regarding the changes in the skull, Pheniister 
remarked “the inner and outer tables were slightly more spongy than 
normal. The new bone both internally and externally, radiated from 
the surface of the old bone.” Cushing expressed the belief that at 
least 25 per cent of the endotheliomas are accompanied by an overhmg 


28. Penfield, W. ; Tumors of the Sheaths of the Nervous System, in Cytology 
and Cellular Pathology of the Nervous System, New York, Paul B. Hochcr, 

1932, vol. 3, p. 954. . rr,»rzc 

29. Cushing, H.: The Meningiomas (Dural Endotheliomas): t hc/r 

and Favoured Seats of Origin, Brain 45:292, 1922. ^ ,<n ( Ftiih- 

30. Kolodny, A. : Cranial Changes Associated with Meningioma Dura 


thelioma,” Surg., Gj-nec. & Obst. 48:231, 1929. 

31. Phemister, D. B.: The Nature of Cranial Hyperostoses 
thelioma of the Meninges, .Arch. Surg. 6:554 (Alarch) 1923. 
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hyperostosis cranii which is either palpable externally or demonstrable 
by the roentgen ray.” 

A microscopic examination of the hyperostosis resulting from this 
process, as has been revealed by all the foregoing authors, shows in 
most cases that it has been passively infiltrated with the cells of the 
meningeal tumor. 

In speaking of the hyperostoses, Phemister wrote : 

In the second case nervous symptoms were entirely absent and the hyperostosis 
was the sole complaint. Such cases as the latter have not infrequently been diag- 
nosed as sarcoma or osteoma of the skull and the underlying tumor overlooked. 
This has happened even when evidences of brain compression were present as the 
internal hyperostosis was held responsible for the compression. 

CLINICAL FEATURES 

An analysis of the most important clinical features in patients with 
hyperostoses overlying meningeal fibroblastomas is presented. The 
analysis is made from a review of nine cases of hyperostoses produced 
by meningeal fibroblastomas found in this laboratory and eighteen 
similar cases reported in the literature and is constructed with the 
view of differentiating between these tumors and the osteomas previously 
discussed. Of the nine cases found in the laboratory, only five presented 
clinically recognizable hyperostoses; in the other four these were found 
at operation. The cases taken from the literature were not selected, but 
all the cases presented in the articles of Pheniister,^^ Penfield,“- Cush- 
ing,®® Rand,®^ Cope,®® Winkelman,®® and Crowe and Jones®' were used. 

Seventeen patients in this series were males and ten were females. 
The age of the patient when the meningeal tumor first manifested itself 
is given in twenty-five cases. The average age of these patients was 
31 years, only four of them being under 29 years at the time of onset 
of signs or symptoms. The patient presented by Crowe and Jones was 
5 years of age when a bony tumor of the frontal bone was noted. It 

32. Penfield, W. : Cranial and Intracranial Endotheliomata, Surg., Gvnec. & 
Obst. 36:657, 1923. 

33. Cushing, H. : The Cranial Hyperostoses Produced by Meningeal Endo- 
theliomas, Arch. Neurol. & Psychiat. 8:1 (Aug.) 1922. 

34. Rand, C. W. : Osteoma of the Skull; Report of Two Cases, One Being 
•Associated with a Large Intracranial Endothelioma, Arch. Surg. 6:573 (March! 
1923. 

35. Cope, Z. : Case of Frontal Endothelioma with Hyperostosis Cranii (Pacchi- 
onian Tumor?), Brit. J. Surg. 12:794 (April) 1925. • 

36. Winkelman, N. W. ; Hyperostosis and Tumor Infiltration of the Base of the 
Skull Associated with Overlying Meningeal Fibroblastoma, Arch Neurol & 
Psychiat. 23:494 (March) 1930. 

37. Crowe, S. M., and Jones, C. K. : Large Hyperostosis of Cranium Due to 
Arachnoid Fibroblastoma, Tr. Chicago Path. Soc. 12:340 (June) 1927. 
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is iK)s.sil)Ic til, it this patient had a crania! osteoma and not a hj'pcrostosis 
overlymt,'- a meningeal tumor. 

J he r.\eiage duration of signs or symptoms at the time of operation 
among these patients was five yeans. 

Of the I wenty-se\'en eases, the hyperostoses uxre reported as local- 
ised (hiefly to the Ironlal hone in ten and to the parietal bones in four. 
In live easi-s the tninor n‘a.s described as involving the frontoparietal 
region and in four cases, the temple or temporal fossa. In two of the 
lour cases, the orbital plates became thiclvcncd with resultant unilateral 
exophthalmos. In the remaining four cases the tumor involved the 
\'erle.\, the crown, the occipital and the temporo-occipital region, respec- 
tively. 7'hc tact that the majoritv of these tumors involved the frontal 
or parict.'il bones with the predominant number involving the frontal 
bone is perhaps significant, as will be pointed out later. 

In fourteen cases, or approximately half of the total number studied, 
a symptomlcss hyperostosis presenting on the external surface of the 
skull was the first indication of disease noted by the patient. Only two 
of these patients were under 29 3 'Cars of age when the hyperostosis 
first appeared, one being 24 and the other, the patient of Crowe and 
Jones, 5 years. It is in this group particularly that difficulty has arisen 
in making a diflercntial diagnosis between a hj^erostosis of the 
meningeal t}'pe, an osteoma, an osteogenic sarcoma and a hyperostosis 
of definite inflammatory origin. The average duration of the hyper- 
ostosis before symptoms arose in these fourteen cases was four years, 
but in four cases the bony tumor was the only manifestation of disease 
for over nine years. 

The symptoms complained of by these fourteen patients after the 
appearance of the hyperostosis varied considerably according to 
the location of the lesion. Headache, often localized to the tumor, was the 
most common S 5 '’mptoni. Pains about the lump, dizziness and failing 
vision were frequent. Partial hemiplegia developed in four of the 
cases, epilepsy in three and loss of memory with mental dulness in some 
cases, particularly in those in which the frontal Jobes were involve 
Unilateral exophthalmos was noted in two cases. In only one case was 
the patient operated on before symptoms arose, and this patient la 
had a large hyperostosis of the frontoparietal region for two years. 
The average duration of symptoms at the time of operation in tus 
group was three years and of the hy^perostosis eight yeais. ^ 

There are three other cases that could perhaps be included m le 
aforementioned group in which symptoms followed the appearance o^ 
hyperostosis. Hj^perostosis developed in each of the three , 

from one to two and a half years before operation, but one ‘ 
neuralgic pain in her head for seven years prior to 
TpronLice of the left eye for ten years and the third pam .n the neht 

ey^e for ten y^ears. 
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There were four patients in whom signs and symptoms of intracranial 
damage developed simultaneously with the appearance of hyperostosis, 
and finally, six with definite signs of an intracranial tumor in whom 
hyperostoses cranii were found only at operation or autopsy. 

The hypei'ostoses varied in size from that of an acorn to that of a 
grape-fruit and were firmly attached to the skull, shading imperceptibly 
into it. In most cases they were scmispherical, smooth or slightly 
lobular and bony hard, but in four cases they could be slightly com- 
pressed. Some tenderness on pressure over the bony boss rvas present 
in four eases. Dilated vessels in the scalp were mentioned in a few 
instanees, and in one case the scalp was not freely movable over the 
hyperostosis, having been invaded by tumor cells. 

General physical and neurologic findings varied greatly according 
to the amount and area of cerebral damage. 

ROEXTGEXOGRAPHIC FEATURES 

Roentgenographic changes in the cranium, the result of its infiltra- 
tion by the cells of meningeal tumors, have been discussed by Heuer 
and Dandy,“® Cushing,®“ Phemister,®^ Rand,®* Sosman and Putnam,®® 
Kolodny,®” Camp,*® Elsberg and Schwartz ** and many others. The 
following brief description of these changes is included here to facilitate 
a comparison between cranial osteomas and hyperostoses produced by 
meningeal fibroblastomas and is mostly taken from the observations of 
the aforementioned authors. 

As a result of a meningeal tumor, there may develop in the over- 
lying cranium a hyperostosis, an erosion, a hypervascularization or a 
combination of all three processes. 

When erosion of the skull is absent, the hyperostoses produced by 
these tumors are usually typical. Roentgenograms of cross-sections of 
the hyperostoses show their essential features most satisfactorily. Some 
excellent examples of this type are contained in the articles on this 
subject by Kolodny and Phemister, and similar features are borne out 
m the gross specimens presented by other authors. Fully developed 
hyperostosis is largely formed by new bone of a spongy character, 
arranged so as to radiate outward from both tables of the skull 
(figs. 13 and 14). The formation of new bone is usually more pro- 

38. Heuer, G. I., and Dandy, W. E.; Roentgenography in the Localization of 
Brain Tumors, Bull. Johns Hopkins Hosp. 27:311, 1916. 

39. Sosman, M. C., and Putnam, T. J.: Roentgenologic Aspects of Brain 
Tumors: Meningiomas, Am. J. Roentgenol. 13:1, 1925. 

-10. Camp, J. D.: The Roentgenologic ^fanifestations of Intracranial Disease 
Radiology 13:4SJ, 1929. ’ 

41. Elsberg, C. A., and Schwartz, C. W.: Increased Cranial Vascularity in Its 
Relation to Intracranial Disease, Arch. Neurol. & Psychiat. 11:292 (March) 1924 




Fig. 13 (courtesy of Dr. D. B. Phcmislcr).— Roentgenogram of a cwss-sectwn 
tlirtKjgli a hyperostosis [)ro(lucc(l hy a meningeal fibroblastonia (meningioma), e 
outline of lim skull is prc.scrvef!, nitliough the bone is spongy. Bone is seen to be 
Ink! down in two difreront planes; adjacent to the cranial tables it is deposited in 
strips parallel to the skull surface, tints preserving the skull outline; mor 
periplicrnlly, it radiates at riglit angles to the skull. Unlike the osteomas, one 
deposited on tlie intracranial surface of the inner table. 
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Fig. 14.— A (courtesy of Dr. J. D. Camp), of bone are seen 
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nounced on the surface of the outer table than on the inner and piesents 
a moundhhe swelling passing at its periphery imperceptibly into the 
cranium. The outline of the cranium can be seen passing through 
the tumor. Concerning the hyperostosis, Kolodny ““ wrote, even in the 
advanced cases of cranial changes, one ina}’’ easily distinguish the out- 
lines of both tables microscopically as well as in a radiogram of a slice 
of the removed bone flap. Destruction of the new formed l)one on the 
intra-cranial side of the skull may lead to irregular, jagged excrescences 
of bone surrounded by soft tumor.” 

In a fully developed hyperostosis, although the outline of the 
cranium persists, it is usually widened both inwardly and outwardly, 
shows a spongy transformation with increased porosity and is rather 
hazy at the margins of the old tables. In contrast with the osteomas, 
the reason, why the outline ot the skull is still visible, even in the 
presence of a spongy change, is that new bone can be seen in the roent- 
genograms of some of the cross-sections of the hyperostoses to be laid 
down in two dififerent planes. Proximal to the old skull tables the 
bone is laid down in layers parallel to the cranial surface, but more 
peripherally it is laid down at right angles to it (figs. 13 and 145). 
Alicroscopically this method of new bone formation is even more 
apparent. 

In the early stages of development of a hyperostosis, and some- 
times in elderly people, the skull may show only a slight thickening with 
no new bone radiating from it. The original thickening is the result 
of the deposit of bone in layers parallel to the surface of the skull. 
Below it one sees that the radiating spicules occur as soon as the 
periosteum is more completely stripped from the skull. Erosion of the 
skull sometimes takes place from within outward, either before or 
after the occurrence of hyperostosis (fig. 15). Hypervascularization, 
evidenced by widening of the haversian canals, is very common. Heuer 
and Dandy, as early as 1916, described some excellent examples of this 
t 3 'pe. Calcification is occasionally seen within the intracranial tumor, 
but this is apparently rare. A tumor of the soft part with perhaps an 
irregular layer of new bone on its surface can sometimes be visualized 
overlying the hyperostoses and at times may be the predominant fea- 
ture (fig. 16). In some cases the meningeal tumor melts away the 
overlying skull like ice and presents as a firm, outwardly pulsatile swell- 
ing through the cranium. Dandy recently had such a case. Penfield 
placed this type of meningeal tumor in the sarcoma group. Craig ^- 
cndcavored to grade meningiomas according to their invasive properties, 
but this question will not be discussed here. 

42. Craig. \V.; Malignant Intracranial Endotheliomata, Surg Gvnec R- niicf 
45:760, 1927. WDst. 
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Fig. 15 m. 45782).— Rocntgcnogrnni of a hyperostosis produced ' a 

inctiingcnl fihrohla.stomn (niciiingionia). Note the spicules of bone , 

the .surface of tlie skull. The outline of the cranium can be seen passing » 
tlic tumor. Some new hone is present on the under surface ot the mn _ 
best seen on stereoscopic c.vamination. Note the increased crania ■'as 


skull erosion. 



Fig. 16 (path. no. 37883). -Roentgenogram of for„,ation under 

(meningioma) presenting on the surface ^ ”he tumor merges into the skull- 
the elevated periosteum is seen where the f tumor surface. -A ten' 
An irregular interrupted layer of bone skull parallel to t e 

thin strips of new bone are laid down at rUit „ surface of the 

ts". in the tumor. Little or no bone r.dmt.r St •! 

ISll. The ontline of the rknll is well f?'" J'“ Jfo, .,vl„ ye.rrs tefor. 

age A tumor had been present on the surface ^ oslco»» 

£ Sim was faken. This tumor can . e.s*- ^ somewhat 

the intactness of the outer table of the skull, 

compressible. 
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CROSS rATIIOI.OCV 

The gross specimens of the hyperostoses eranii over meningeal 
libroblaslomas reveal that bone described as radiating from the two 
tables is of the spongy type .and is usually most abundant on the surface 
of the skull. In a few cases, and particularly in those in which erosion 
of the skull has commenced, little or no bone is found projecting from 
the inner table, but the rule, however, appears to be for it to do so 
when Ityperostosis of any apj^reciable sir.c is ])rcsent. The cranium 
itself is also of a spongy nature wlien the hyperostosis is large, but its 
outline nevertheless persists. 

Attached to the meninges beneath the hyperostosis lies the menin- 
geal fibroblastoma which is invading the skull. It may cither be of the 
spherical type with a small area of meningeal attachment or lie cit 
plaque and be attached to the meninges over a considerable area. 
Although these tumors invade the skull, they are inwardly encapsulated, 
and usuall}' destro}’’ the brain only by pressure. 

“On the outer surface of the bone is usually a pad of tumor,” which 
“sometimes invades the overlying scalp and may infiltrate the temporal 
muscle when that is adjacent” (Penfield"®). At times there may be 
little or no hyperostosis, but an enormous semispherical tumor of 
meningeal origin may lie on the surface of the skull (fig. 16 ). 

MICROSCOPIC FEATURES 

Microscopically, these hyperostoses are found to be infiltrated with 
the cells of the meningeal fibroblastoma to a greater or less extent. It 
is largely due to the infiltration of the skull by the cells of the meningeal 
tumor that hyperostoses are formed. These cells in their proliferation 
extend through the haversian canals and intertrabecular spaces toward 
the surface of the skull and in some cases show infiltration of the over- 
lying scalp. 

In most cases toward the surface of both tables and particularly 
toward that of the outer one, new trabeculae of bone are seen to be laid 
down in strips, parallel to the surface of the skull (figs. 17 and 18 ). 
The area of cranium involved shows a widening of the haversian canals 
Rnd intertrabecular spaces, which at times is marked and gives this 
portion of the hyperostosis a definite spongy appearance. In the early 
cases the skull may show considerable infiltration with tumor cells and 
yet may retain a bony structure approximating the normal. This is 
aj^arently not common, however, as the increased cranial vascularity, 

1C is usually present, will, in itself, cause widening of the haversian 
cana s and intertrabecular spaces with resultant additional porosity. 

In a fully developed hyperostosis there is seen radiating from both 
ur aces of the portion of the hyperostosis described, namel}'-, the 
lum proper and especially from the outer surface, trabeculae of 
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Fig. 17 (path. no. 45483).— Photomicrograph of the surface of a ^-'’peros os's 
prmlucccl by a meningeal fihroblastoma (meningioma). Note that 
laid down in two distinct planes. The bony spicules m the o^er p 
picture lie parallel to the surface of the skull and cover a much 
is seen here. Note the tendency for the meningeal tumor to be arranged 
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Fig. 18 (path. no. 45483). -Photomicrograph oM e mne^ 
volved in the hyperostosis shown m figu • ,nner 

;w!i in two different planes. Bone radiates at right an„ 

to the intracranial cavity. 
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new bone arranged more or less at right angles to the plane of the 
surface of the skull (figs. 17 and 18). Extending outward as a in'o- 
longation of the newly formed trabeculae are delicate bundles of pink- 



Fig. 19. — Roentgenogram of a cross-section of an eburnatecl osteoma arising on 
the cranial surface. This osteoma was recently found and was not previously men- 
tioned in the paper. It was removed at autopsy from the parietal bone of a man, 
aged 66, who died from other causes. 



Fig. 20.— Photomicrograph of a cross-section of normal skull. Note the 
hyalinized periosteum on the surface of the skull. The outer table is thicker than 
the inner one. Compare this figure with the other photomicrographs. 


Staining fibers, identical in appearance to those observed by Quain -= in 
ossifying embryonic membranous bone. (Compare the foregoing sec- 
tions with figure 20. a microscopic section of a normal skull.) Cells 
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OJ llur iiK>nin.t,-(';il liifiior lie In-tween the newly formed trabeculae, and 
.1 p.i<I of itimor is always formed on (lie .‘nirhicc of the outer table 
iiefore Iraliefulae radiate from it. 

Jlieie is no absolute line of tleinarcalion between these two areas 
\slieie iioiie is laid down in clifterent jilancs, and this accounts for the 
haziness seen at their junction in (he roentgfcnog^ram. These findings, 
lunvever, exiilain why the outline of the cranium persists, even though 
it has undergoue spongy transformation; aiul demonstrate one of the 
essential characteristics which clinicall}' difi'erentiate this type of 
liyperostosis from the cranial osteoma, in which, since the bone is not 
laid down in diflerent planes, the outline of the skull proper is lost in the 
tumor. XormaI-a[)[)earing osteoblasts always participate in the fonna- 
tion of the new Irahcciilac. 



Fig. 21. — Roentgenogram of an osteoma arising within the frontal sinus. Note 
that this type of osteoma tends to fill tlie frontal sinus. 


For a detailed description of the microscopic features of 
tumors, one may consult Penfield,"® Cushing,^® Weed, M ory> 
Ewing and others. Here it is suthcient to say that the tumor ce s a 
irregularly round or oval, sometimes being elongated and 
nucleus contains abundant chromatin arranged in a nethke 
The cytoplasm of the cell is voluminous, but the boundanes are us ^ 
indistinct. The cells resemble those seen in the pacchionian gran ’ 
tions and are often arranged in whorls, columns or clumps. 

43. Cushing, H., and Weed, L. H.: Studies 

Its Pathway; IX. Calcareous and Osseous Deposits m the r. 

Johns Hopkins Hosp. 26:367, 1915. Cushing.-”'' gj, 

44. Weed, L. H. ; The Cells of the Arachnoid, Bull. Johns Hopk 

343, 1920. Cashing and Weed.« Endothelioma, J- 

45. Mallory, H.: The Type Cell of the So-Called Dural isnao 

Metab. Research 41:349, 1920. 
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center of the whorl is {reqvicntly seen a h3’aHnizcd blood vessel, a clump 
of collagen, or a psammoma body (corpora amylacca). A fibrous 
tissue stroma may be scanty or abundant. 


COMMENT 

Leriche and Policard,-^ who have made an extensive study of the 
normal ph3'siology of bone, throw some light on the changes observed 
in the skull as a result of increased vascularity which is so often an 
accompan3'ing feature of meningeal tumors. The3’ expressed the belief 
that “if b}' any process whatever, the activit3’' of the circulation is 
increased in the vicinit3' of a bone, the latter becomes rarefied. It 
changes neither in chemical composition nor in its fundamental his- 
tologic structure. It changes only quantitatively in the relation to that 
of the connective tissue. The medullary canals increase and the bone 
trabeculae diminish. The architecture of the bone is modified, but not 
the chemical structure of the bone substance present in the tissue; in 
the bone trabeculae which remain, the structure and composition are 
the same ; only the size and number are diminished.” This rarefaction 
of the skull accompanying an increase in circulation has been observed 
by most authors who have studied the meningeal tumors, but it has not 
been so adequately explained as by Leriche and Policard. 

They also wrote, “In some instances, the exact role of the circula- 
tory activity may be masked. An increase of the circulation leads to 
bone resorption, but through the freeing of calcium and the ci'eation of 
a local calcific excess, new bone can be formed. There will then be 
histological atrophy of the bone tissue and anatomical hypertrophy of 
the bone as a whole. This double process in hypertrophic resorption is 
extremely frequent. It dominates bone pathology. . . This last 

observation to some degree supports Kolodny’s belief, but in no way 
proves it, that “proliferation of bone precedes the infiltration of the 
bone by tumor cells. This proliferation follows on the heel of a local 
dilatation of the vascular channels in the skull.” Later it is shown that 
although some thickening of the skull may be due purely to a hyper- 
vascularization of the bone, the majority of the Ityperostoses are a direct 
result of invasion of the tumor. 

It was noted in the roentgenograms and microscopic sections that 
new bone in the hyperostoses was laid down in two different planes. 
Other authors have observed this method of new bone formation in 
the hyperostoses, but have not sufficiently explained its mode of origin, 
nor have they noted that this is the main reason why the outline of the 
skull is preserved. 

It is well known that the skull normally increases in thickness by 
“successive depositions of bony lamellae under the periosteum” 
(Quain ==). and that a similar deposition of bone in lavers parallel to the 
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V. ..'r' J’cnostciim “suffers minute 

I t\.i lun.s. Ins js just \vlmt l)aj;|)ens u-licti the nicningeal tumor grows 
t iiotig 1 1 1C (Mild l.ililo ni (lie skull and causes a periosteal elevation. 
J lie eiulocraiiium uf Die inner laWc at a Inter date also becomes stripped 
iKMii its .Utaclnnent when the tumor in its proliferation grows imvard 
as w ell as outward, f his perhaps explains in part whj' the hyper- 
ostosis is smaller (mi the inner table of the .skull as the tumor cells first 
ha\e (o leach a sulienchrcraniai (suheiKiostcal) location and then later 
in their multiplication grow down toward the intracranial regions. 
Another reason is that the periosteum (or subperiosteal tissue) is a 
more active hone-forming organ than the endocraniuin (or subendo- 
cranial tissue). 


.After the tumor cells have passed through or more completely 
stri]ipcd the jieriosteiun from its attachment, a vascularized fibrous 
tumor of meningeal origin is formed on the surface of the skull. Into 
this tumor, small spicules of hone radiate at right angles from the sur- 
face of the skull as previously described. This t3'pe of ossification is 
e.xplaincd by Geschiclcter and Copeland in their discussion of Ewing’s 
sarcoma of hone. They stated: 




Due to the growth of the tumor and subsequent Jiemorrhage, there is a gradual 
separation of the periosteum from the underlying cortex'. Parallel deposits of 
new bone api)ear as a result of proliferation of the peripheral layer of the corte.v 
wiicn the periosteum has suffered minute separation. With increased separati()n 
of the periosteum, spicules of new bone from the subperiosteal regions are laid 
down at right angles to the shaft rather than parallel. We agree witli Ribbert 
that this is due to the blood vessels perforating Volkmann’s canals. After tlie 
separation of the periosteum, these vessels determine the direction of the new 
growtJj of bone when they are pulled outward in maintaining their contiinntj. 
The two t3'pes of formation of bone parallel and radiating, duplicate the process 
observed in the embryo, etc. 


The same mode of new osseous deposit is seen to a lesser e.xtent on t te 
inner table, and the e.xplanation for this is apparently similar. 

Phemister,^^ in his paper on the hj^perostoses under discussion, 
expressed the belief that “whether it [the new bone formation] aiises 
from tumor cells or from the old bone, it is arranged m support t|c 
tumor.” In support of this view, one may consult Pheniistet s mtic e 
as well as Quain’s stud}'’ of the growth of membranous bone, .^tiam 
said, “It may be observed that the appearance of the ossifying mem 
brane bone in the shape of a network of trabeculae, seems to be deter- 
mined by the preexistence of a vascular network in the 
tissue. The new bone everywhere makes its appearance in the spots " 
are furthest from the vessels, and the bony netivork everyn lere a 
nates with the vascular network.” Thus tlie radiating „ 

the new bone formation is probably determined by the preex' * 
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vascular structure of the meningeal tumor which radiates from the 
surface of the skull (fig. 16 ). 

Phemister is also of the opinion that “the itew bone (in the hyper- 
ostosis) is not tumorous in nature and is merely ossified stroma of the 
invading endothelioma.” This opinion seems logical, especially per- 
haps in the light of experiments performed b}' Leriche, Policard and 
others, who have shown that any fibrous connecti\-e tissue in an 
embryonic state, when in apposition with hone, ma)’’ undergo ossifica- 
tion if there is produced by hypervascularization and consequent rare- 
faction of the adjacent bone a local excess of calcium. Although 
Phemister’s theory is logical, it must be remembered that some of the 
new bone formation in the hyperostosis is undoubtedly of periosteal or 
subperiosteal origin (fig. 16 ). 

Another question that deserves consideration is, Why should so many 
of the hyperostoses involve the frontal bone? It has been shown by 
other authors that the majority of meningeal tumors arise from the 
meninges oyer the vault of the skull, and this has been explained by 
their possible origin from the pacchionian granulations, which are so 
frequent in this region. Although many meningeal tumors arise in 
regions nearer the base of the skull, hyperostoses in these regions are 
apparently very infrequent. It will be remembered that osteomas show 
a tendency to develop in growing bone. Hyperostoses may show this 
same tendency. In support of this supposition is the fact that the 
frontal bone not only continues to grow after many of the other bones 
have ceased to do so, but also shows a more active growth in later life 
than the other cranial bones. The parietal bone, which is also fre- 
quently involved, is likewise among the bones that continue to grow 
after many of the others have ceased to do so. It does not, however, 
show such an active growth as the frontal bone in later life. 

DIFFERENTIAL DIAGNOSIS 

There are many essential differences between the benign osteomas 
of the outer surface of the cranium discussed in this paper and the 
hyperostoses produced by meningeal fibroblastomas, and although diffi- 
culty at times will be encountered in distinguishing between them, their 
differential diagnosis should as a rule be easy. 

Evidence of increased r^ascularity and of erosion so frequently seen 
in the skull over meningeal tumors is an uncommon accompanying 
feature of osteomas. A spongj' osteoma, however, occasionally appears 
to erode the skull, but this is due to its spongy nature. A lateral view 
of the tumor is therefore always indicated. Hyperostoses are more 

46. The osteomas referred to in the first part of this differential diagnosis are 
of course, the osteomas described in detail in this paper, namely, those that arise 
from the periosteal region on the cranial surface. 
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ullcii tcinlcr tli;m o.slcomas. and .soinctiinos jh'osciU a pad of tumor _ 
llic’ii 5U1 face. Meningeal tumors frequently cause severe intracraniai 
dnm.ige, but osteomas rarely do so. In a hyperostosis, the outline of 
(be crania! tables persists. In an osteoma of any appreciable size, the 
outei table is absorbed. JJoti}' spicules wbich so common!}' radiate from 
both surfaces of the slculJ in the hyperostoses are only occasional!}' seen 
near the surface of the dome of an osteoma and rarely if ever radiate 
train the inner table underlying’ it. Apart from these general differ- 
ences between the tv\'o tumors, osteomas show certain special differences 
according to the stage of their development. 

I he fact that osteomas usually arise before or about puberty, 
^\’hercas meningeal tumors are most frequent in the fourth decade of 
lite. eliminates more of the difficulty in differentiating between these 
two lesions. Rarely, however, osteomas occur in adults, but in these 
cases the tumors unlike the hyperostoses are more often eburnated, 
show a dense shado^v in the roentgenogram and produce no radiating 
bony spicules from the inner or outer tables of the skull. 

The spongy osteomas of long duration should give little trouble in 
diagnosis, as again, unlike the hyperostoses, they usually arise in youth 
or in infancy, show an absorption of the outer table of the skull, some 
depression and thickening of the inner table, but no new bone radiating 
from it, and frequently have a thin shell of bone on their surface. 

The spongy osteomas may early in their growth show spicules of 
new bone radiating from the surface of the skull in a manner similar 
to that seen in the hyperostoses cranii. Since these osteomas appar- 
ently originate in the periosteal region, the inner table of tlie skull m 
their early stages should show no change from the normal. In the 
formation of a hyperostosis, the meningeal tumor usually causes an 
increased porosity of the inner table or the production of spongy bone 
radiating from it. A stereoscopic film should, therefore, be of value m 
distinguishing between the two lesions. The other points of differen 
tiation mentioned should, as a rule, decide the diagnosis. 

The thickening of the skull, which occurs in a hyperostosis be ore 
the formation of radiating spicules, may give a little difficulty, howe^er. 
if the diagnosis is based on this criterion alone. _ 

Low grade osteomyelitis of the skull may sometimes simulate cit ic^ 
of the foregoing tumors, but in the roentgenogram the irregular are, 
of bone destruction with adjacent areas of sclerotic bone are usua 

typical. . , , 

Primary sclerosing osteogenic sarcoma may be recognized } 
rapidity with which it produces a large area of bone destruc ion * 
irregular new bone formation. The radiating manner m v uc 
bone is sometimes laid down occasionally resembles c ose } 
in a hyperostosis fo meningeal origin. Other primary tumors 
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skull as well as mclastatic ones are generally much more rapidly grow- 
ing than osteomas or hyperostoses of meningeal origin. Most of them 
arc destructive. The benign giant cell tumor, if subperiosteal in origin, 
is usually soft. If it arises in the diploe, it produces an expanding and 
destructive lesion. 

The characteristics of osteochondromas of the cranial surface were 
pointed out (fig. 1). Osteochondromas growing intracranially are often 
liard to visualize in the roentgenogram and cause coiiipression of the 
brain. 

Osteomas of the orbit and frontal sinuses may in their growth cause 
a swelling of the frontal bone, but the fact that these tend to fill the 
orbit and frontal sinuses, respectively, differentiates them from the 
osteomas of the cranial surface which never do this (fig. 22). Osteomas 
arising from the inner table of the cranium usually cause early damage 
to the brain and rarely if ever produce a demonstrable clinical change 
in the outer table. Exostoses of syphilitic origin are frequently multi- 
ple and usually disappear rapidly with antisyphilitic treatment. 

A biopsy is indicated when any doubt exists as to the nature of a 
cranial tumor. 

CONCLUSIONS 

1. The osteomas discussed in this paper may be either spongy or 
eburnated, and arise from preosseous tissue on the cranial surface, as 
a rule, early in life. They grow slowly and most frequently take origin 
from the frontal bones, although other cranial bones are also commonly 
involved. They usually, if not always, arise in growing bone. 

2. In its growth the spongy type of osteoma usually causes an 
absorption or spongy transformation of the outer table of the cranium 
and becomes continuous with the diploe. As a result of this process, 
the inner table of the skull in the region of the tumor may become 
slightly depressed and thickened, but rarely sufficiently, unless a com- 
plicating factor is present, to cause compression of the brain. A layer 
of bone is sometimes laid down on the surface of the tumor. Micro- 
scopically, this bone is young in type and is being actively formed from 
preosseous tissue. It is not, therefore, as usually believed, the expanded 
outer table of the cranium. This type of osteoma has often been 
described as arising from the diploe. 

3. The fundamental pattern of ossification observed in this paper 
for osteomas of the cranium, characterized by subperiosteal growth, 
with accompanying spongy transformation of underlying bone and the 
frequent deposit of a subperiosteal shell of new bone, is also typical for 
similar new growths arising in other membranous bones. 

4. Osteomas of the cranial surface rarely arise in adults, and then 
tend to be of the dense eburnated tr’^pe. 
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U.stfdinns of iiKMubi-anuus bones are a distinct entity from exos- 
toses (osteochoiidroiiias) in cartilaj^iiious bones. 

^ 0 . ilypcrostoscs prodneed by meningeal fibroblastoinas can be dis- 
tinguished from osteomas of the crania! surface prior to operation. 

O.steomas usually arise in }'outIi and Inperostoses in the fourth 
du.idc ot life. Com))rc.ssion of the brain, so commonly an accompany- 
mg feature of hyperostoses, is rarely caused by osteomas unless some 
comjdicaling factor is j)re.sent. Plypcrostoscs are more frequently ten- 
der than osteomas and unlike osteomas are sometimes compressible. 

I he rocntgcuogra])hic differences bctu’cen these two bonj" growths 
are distinctive. 


/. In the formation of a hy'pcrostosis, ossification adjacent to the 
tables of the skull occurs in parallel strips under the periosteum and 
endosteum when these tissues arc minuteh' elevated by the meningeal 
tumor in its growth. When these tissues become more completely 
stripped from their attachments, new bony trabeculae are laid down 
at right angles to the cranium, the direction of their deposit apparently 
being determined h}' the radiating vascular arrangement of the menin- 
geal tumor. This deposit of trabeculae in two different planes explains 
why the outline of the cranium persists in the hyperostosis. 

In the region of a meningeal fibroblastoma a small amount of thick- 
ening of the skull may result purely from h3^pervascularization, but the 
production of a h3'perostosis of an3' appreciable size is apparently 
ahva3''S due to the infiltration of the skull b3’’ the cells of the meningeal 
tumor. 

8 . Osteomas that cause severe pressure on the brain usually arise 
either about the paranasal sinuses or the orbit or from the inner surface 
of the skull and not in the periosteal region on the cranial surface. 


REPORT OF CASES 

Case 1. — History . — A wljite man, aged 28, was admitted to Dr. Dandy s 
on Sept. 8, 1920, complaining of a lump on the forehead. The family and person* 

histories were irrelevant. _ 

At the age of 5 years, the child’s parents noted a small lump in the^ cen er ^ 
his forehead about the size of a ten cent piece. This remained practica y 
tionary until eight years before admission, when, as a result of trauma, 
rapidly, reaching three times its former size in a few days. The tumor 
pletely removed in 1912 and 1914. It then recurred and grew slowly. 
severe headaches in the afternoon for several years, and a sense o pressu 
region of the tumor for a short period. 

Physical Exaiiiwation.—The patient was well nourished. The temperature 
pulse were normal. The forehead presented an old 
midline under which was an uneven but smooth, rounded, bony ® r , 
mass, 8 by 3 cm. and protruding 1 cm. from the skull. The J 
normal. The general physical and neurologic examinations gave neg 
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There were 8,000 white blood cells and 100 per cent hemoglobin. A culture from 
the frontal sinuses taken at operation showed no growth. 

Otcration (Dr. Dandy) .—-The osteoma was removed with a surrounding mar- 
gin of normal bone. Both frontal sinuses were opened, but appeared perfectly 
normal, except for enlargement. In the opinion of the operator, "the osteoma was 
probably due to a chronic inflammatory condition of the frontal sinuses." 

The diagnosis at the time of operation was osteoma of the frontal bone, prob- 
ably arising from the frontal sinus. 

Grow Pathology . — The specimen consisted of a piece of bone, 7 cm. long, pro- 
jecting from the flat outer surface on which were two rounded lumps fusing 
together. These were of bony consistency and fused imperceptibly into the sur- 
rounding skull. The undersurface of the inner table of the skull was smooth, and 
showed the median longitudinal ridge and no evidence of new bone formation. 

Microscopic Pathology . — The section through the tumor showed a surface 
layer of hyalinized fibrous tissue with a layer of underlying cortical bone, 
which in turn fused with a zone in the center of the tumor of cortical bone 
showing wider intertrabecular spaces, and this finally gave place to a layer of 
cortical bone or inner table of the skull. The inner table was smooth and normal 
in appearance. There was no evidence of new bone formation in the section. 

Uhmatc Result . — ^Up to 1929, there had been no recurrence of the tumor, but 
the patient had had chronic frontal sinusitis. 

Case 2. — History . — A white man, aged 33, was admitted to the service of 
Dr. Dandy on June 12, 1920, complaining of a lump on the forehead. The family 
and personal histories were irrelevant. 

In 1909, the patient was struck on the forehead by a pointed metal spike which 
penetrated the skin; the wound healed rapidly. In 1915, a lump appeared at the 
identical spot of the trauma and reached its present size in six months, but then 
remained practically stationary. The patient could feel a dent in the tumor at the 
site of the old trauma for some time. There were no symptoms referable to the 
tumor and no headaches, changes in vision or neurologic symptoms. 

Physical E.vamimtion . — The patient appeared healthy; the temperature and 
pulse were normal. On the forehead, just over the left orbit, was a bony, hard, 
smooth, regular, nonmovable, nontender tumor, the size of a walnut. The skin 
over the tumor was freely movable and appeared normal. Pressure over the left 
frontal sinus disclosed slight tenderness. The remaining examination, including a 
neurologic examination, gave negative results. The Wassermann reaction was 
negative. 

Operation (Dr. Dandy).— The tumor was chiseled off level with the skull. “It 
was bone, quite spongy with wide interstices.” A wide margin of normal bone, 
including the inner table, was then removed. 

A diagnosis of osteoma of the skull was made. 

Gross Pathology. —The gross specimen consisted of three pieces of bone, each 
made up of a mass of cancellous bone and fibrous tissue with an overlying definite 
layer of fibrous tissue. 

Microscopic Pathology.— The section through one of the pieces of bone showed 
a layer of hyalinized fibrous tissue on one surface. This fibrous tissue showed 
a gradual transition through a spindle cell stage to a definite preosseous tissue in 
ns deeper layers. The preosseous tissue was very vascular and was actively 
laying down young cancellous bone. 
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Ultiinotr Rt\uill. — 'J'lic pntieiit was discharged well. On Oct. 30, 1931, he was 
reported well. 

Cask 3. — History . — white woman, aged 20, was admitted to the service of 
Dr. Dandy on May 23, 1921, complaining of headaches, a lump and pressure on 
toj) of her head. 'J'he family and personal histories were irrelevant. 

At 1 v'car of age, .she fell down a stairway and fractured her skull with imme- 
diate resultant internal strahi.stnns and partial loss of vision in the left ej'e. Since 
tlicn, .she had had a lump on the right side of her head which grew slowly, but 
never showed any rapid increase in size. Following a “nervous break-down 
three years before admission, she had a sense of pressure on top of her hea . 
Tenderness over the lump was present for a few years, and for two months s e 
had had severe pain and headaches beneath the tumor. Slight weakness of the 
left side had been present for some time. There was no vomiting. 

Physical Examinatiotu— The patient was a w'cll nourished and 
woman. On the right side of the head at the junction of the frontal and pane 
bones, encroaching on the niidline and extending laterally for .upa. 

prominence, c.xlrcmely hard and very tender near its lower margin. o 
pot sound was noted over the head. The vision was poor m the left eye, a 
the right disk was slightly injected. There was internal strabismus in h^^r« ^ 
eve, the tongue protruded slightly to the right and there wa 
of the left arm and kg with exaggerated deep reflexes on t^e je t- Th 
examination was negati^-e. There were 6,020 white blood cells and 72 per 

0^rr!lL. CDr. Dandy).-Two openings in the vault f ThTtone 

These were each 1 cm. in length, 0.5 cm. wide and about 3 cim ap 
was extremely hard, but ragged, about the edges a defect 

fluid poured out through them. They ™ . fed cortex was seen, 

about the size of a silver dollar was fou-hened, was then 

A large bone flap, the undersurface of which “ and several 

laid back. The dura was entirely lacking f Aujd ’were present 

round, smooth, apparently multilocular cysts contain g n,„cl, 

in the cortex. These were excised, and the bone flap was P 
of the osteoma was removed is not known. Infection apparently pla>ed 

tins C3SC« 

A diagnosis of osteoma of the skull was made. 

Gross Faf/toioffy.-There was no report. 

Microscopic Pathology.-The section showed a ’bony spicules- 

fibrous connective tissue, containing a few irregularly scattered 
This section was taken from the edge of the tumor. ^^^2, she 

Ultimate Result.— The patient was discharged well, 
was reported well. , ^ gervice of 

Case A.-History.-A white t^r behind the car. The 

Dr Dandy on Sapt, 22, 1931, complam.ne of a bony lumo 

family and personal histories were .rrelevant. ^ „„ n,,, 

A small bony tnmor was removed from pre.r 

,„m„r reenrred and was rem„,rf m 192A If ; 

"tS wS7o SoTof — 

ir No other symptoms were complam.d of. 
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Physical ExamimI>ot!.—ThG temperalurc and pulse rate were normal.^ Behind 
the right ear and pushing it forward was a bony hard, nontendcr, slightly irregular 
tumor, 3 by 3 by 2.5 cm., attached to the temporal bone. The center of the mass 
lay about 4.5 cm. above the tip of the mastoid. The skin was normal and freely 
movable over the tumor, but there was present an old operative scar. The 
Wassermann reaction was negative. The general physical and neurologic exam- 
inations gave negative results. There were 10,400 white blood cells and 100 per 
cent hemoglobin. 

Opevation (6r. Warthen). — The tumor was composed of a cancellous dome 
and a more compact base. It was removed with a small area of surrounding 
normal bone from the inner table, which was left intact. 

A diagnosis of osteoma of the skull was made. 

Gross Pathology . — A cross-section of the gross specimen consisted of several 
pieces of bone. On the surface of each was a layer of fibrous tissue, under which 
was a thin rim of fairly well calcified material and in the central portion what 
appeared to be cancellous bone. 

Microscopic Pathology . — The section showed a layer of hyalinized fibrous tissue 
at the periphery of the section which passed through a fibrospindle cell stage and 
showed definite preosseous tissue in its deeper layers which was actively engaged 
in the formation of young, bony spicules. Underneath the surface layer of fibrous 
tissue was an almost continuous rim of young bone (being actively formed from 
preosseous tissue). Sections from the base of the osteoma showed a more quies- 
cent picture and an abundance of adult cortical bone. 

Ultimate Result . — The patient was discharged well. 

Case S. — History . — A white boy, aged 13, was admitted to the service of 
Dr. Dandy on Feb. 16, 1923, complaining of an enormous bony tumor in the 
frontal region. The family history and personal history were irrelevant. 

At 7 months of age the patient’s mother noticed a small lump, “the size of a 
pea,” on the vertex of the child’s skull. The lump was hard and nonpainful. It 
grew slowly in size until the patient was 4J4 years of age, and then grew more 
rapidly, especially in the two years prior to admission. No pain, redness or ten- 
derness was noted. Two years before admission, the patient’s mother noticed two 
small lumps on either side attached to the nasal bone. These increased gradually 
in size, causing obstruction to breathing. The child never went to school, owing 
to the appearance of the deformity. He was somewhat mentally retarded. He 
had an irregular fever for four weeks prior to admission, the cause of which was 
unknown. 

Physical E.xamination . — The patient was somewhat undernourished and showed 
slight mental retardation (the fact that he had not been to school might partially 
e.xplain this). An enormous, bony hard, slightly irregular and faintly nodular, 
pear-shaped tumor, measuring 19 cm. in its anteroposterior diameter and raised 
6.5 cm. from the surface of the skull was attached to the frontal bone and extended 
backward to about the parietal suture line. Its anterior border involved the glabella 
of the frontal bone and the left supra-orbital arch. There was no cracked-pot 
sound over the skull, nor was there tenderness. The skin was normal. The tumor 
seemed to fade imperceptibly into the surrounding skull. A small tumor mass 
was attached to the nasal bones in each nostril. There was a slight bony, nodular 
and roughened area on the surface of the third rib in the midclavicular line The 
fundi were normal. Neurologic and general examination gave negative results 
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'■» ‘I'C skin of the face and ear. 

(. UTC .,10.) Wjiitc Wood cells. 1 he Wnssermann reaction was negative. 
cnitiirc jroni tlic irontal simi.s opened at operation showed no growth. 

Otcration (Dr. D.-indy).— The osteoma was chiseled away, leaving the inner 
l.ifilc intact. 1 he .surface of tlic tumor was formed "by a thin layer of bone, not 
tnorc tlian 0.25 cm. in thickness, and below this was cancellous bone. A perforator, 
passing through the cortc.v, entered soft mushy bone through which it plunged 
casih. J he left frontal sinus was opened and leveled down. It was of tremendous 
sire and protruded beyond the normal curve of the frontal region* but showed no 
-Mgn of infection. The right sinus was not opened.” 

The diagnosis was osteoma of the skull. 

Gross Pathology. — IJic gross specimen consisted of several pieces of bone, 
each showing a hard, cortical surf.acc with undcrlj’ing cancellous bone. 


Microscopic Pathology. — The section showed a laj’er of thick fibrous tissue 
overlying a thin continuous layer of young bone. The central areas of the tumor 
were composed of preosseous tissue and irregularlj' arranged trabeculae of young 
bone. 


Ultimate Result. — The patient was discharged well. On March 20, 1930, he 
was in good health, but thought that the tumor was recurring over the right eye. 


C.VSE 6 . — History. — A white girl, aged IS, was admitted to the service of 
Dr. Dandy on Feb, 5, 192S, complaining of a bon^' swelling of the frontal region. 

Since the age of 6 years, the patient had had a lump on the forehead and on the 
bridge of the nose. There was an indefinite history of having fallen out of a tree 
at this time and striking her forehead. She also had had a lump on the verte-v: of 
the cranium since birth. Both lumps grew slowly and regularlj’’ in size. There 
had been no pain or other symptoms. 

Physical E.vamiuatiou. — The patient appeared healthy. The temperature and 
pulse rate were normal. On the forehead just to the left of the midline was a 
smooth, rounded, bony hard tumor attached to the skull. It e.xtended upward to 
within 2 cm. of the hair line. Another similar prominence saddled the nasion, 
and there was a third, the largest, on the skull, in the midline just back of the 
hair line which was about 6 cm. in diameter and 2 cm. high. All these masses 
fused into one another. The skin was normal and freely movable over them. 
They were nontender. The results of the general physical and neurologic e-vam- 
inations were negative. The Wassermann reaction was negative. There were 
9,100 white blood cells and 95 per cent hemoglobin. 

Operation (Dr. Hart).— A very firm cartilaginous-like tumor was dissected 
off from the bridge of the nose (the cartilaginous appearance was due to the thick- 
fibrous tissue on the surface of the tumor). In attempting to remove the remain 
der of the osteoma, an enlarged frontal sinus was opened. The operation vas 


abandoned. 

A diagnosis of osteoma of the skull was made. 

Gross Pathology.~7he gross specimen consisted of three small fragments oi 
bone ; each fragment was covered by a dense white fibrous tissue. ^ 

Microscopic Pathology.— On two edges of the section was seen dense, 
fibrous tissue which in a few areas showed a gradual transformation to preo 
tissue in its deeper layers. This fibrous tissue overlay dense adult cortical 
S in places, ^however, was being added to from the areas o preosseom Ussue^ 
mentioned. The center of the tumor was formed by dense, adult cancel 
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The picture in general was one of quiescence and that of an eburnated osteoma 
(this section was removed from the lower edge of the tumor and from the roent- 
genogram it can be seen that this is really a spongy osteoma, eburnated in its 
periphery) . 

Ultimate Result.— The patient was discharged well. 

Case 7.—History.~A white youth, aged 18, was admitted to the service of 
Dr. Dandy in March, 1929, complaining of an enormous bony tumor on the vertex 
of the skull. The family history and personal history were negative. 

At the age of 4 years the patient fell and struck his left supra-orbital region. 
Ten years later, a small, bony tumor developed at the site of the trauma. At 
5 years of age, he fell and struck the back of his head. A bony tumor was 
noticed at the site of this trauma when the patient was 7 years of age. The skin 
was not lacerated in either case. Both of these lumps gradually increased in size. 
At about 10 years of age, he was told that he did not have long to live, and since 
the age of 16 years had had several fainting spells, which were not accompanied by 
convulsions, aphasia, vomiting or incontinence. Apart from a sense of weight 
over the apex of the skull, there were no other symptoms. 

Physical Examinaliou. — The temperature and pulse were normal. A bony hard, 
rounded, nontender tumor about the size of a coconut was attached to the left 
parietal bone. Some dilated vessels were present over the tumor. A similar lump 
fusing with the one described, but having the shape of a saucer, was present in 
the left frontal region and shaded imperceptibly into the surrounding skull. The 
fundi were normal, and the results of the general physical and neurologic exam- 
inations and the Wassermann test were negative. There were 10,600 white blood 
cells and 104 per cent hemoglobin. 

Operation (Dr. Dandy). — The osteoma was partially removed. There was 
considerable bleeding when the thickened vascular periosteum over the tumor was 
incised. The bone beneath was very vascular and of a soft, mushy, cancellous 
character. This type of bone extended inward to a quite firm inner table. The 
bone removed weighed 405 Gm. The majority of the osteoma was removed, 
including the inner table of the skull. 

A diagnosis of osteoma of the skull was made. 

Gross Pathology. — ^The gross specimen consisted of a large domelike mass 
lying on the removed inner table of the skull. The surface of the dome was 
covered by a thick fibrous tissue. The body of the mass was composed of can- 
cellous bone through which a knife could be easily plunged. No cortical bone 
lay on the surface of this tumor. The inner table showed no evidence of new 
bone formation on its intracranial surface and was smooth except for vessel 
markings. 

Microscopic Pathology. — A section through the outer surface of the tumor 
showed on the surface a thick hyalinized-like fibrous tissue, giving place to definite 
preosseous tissue in its deeper layers which was actively participating in the 
formation of cancellous bony spicules. No cortical bone was seen on the surface 
of the tumor. Section through the inner table of the skull showed an intact inner 
table which, however, on its tumor side was transformed into spongj' bone. 

Ultimate Result.— The patient was discharged well. 
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EFFECT OF MORPHINE ON OBSTRUCTED 

INTESTINE 


ALTON' OCHSNER, lALD. 
I. *^r. GAGE, M.D. 

AXD 

R. A. CUTTING, M.D. 

XEW ORLEANS 


Even earlier than 1500 B. C. opium was used in the tieatmeiit of 
diseases of the gastro-intestinal tract. In the Papyrus Ebers,^ the 
following prescription was suggested “to clear out the bod}’’ and to 
"ct rid of the excrement in the body of a person : 


Leaves of the castor oil plant 

Dates of tlie male palm 

Cyperus grass 

Stalk of the poppy plant 

Coreander 

Cold beer 

Keep moist, strain and take for four days. 


% 

Hg 

Me 

VlG 


At the present time morphine is midoubtediy one of the most 
valuable drugs which the surgeon has in his 
without it or some of the other denvafves of 
convalescence would be associated with prolonged 
suffering. Many surgeons, however, use morphine spai g J 
of its supposed inhibiting effect on the intestinal 

of the fear of producing or increasing an teen 

Because of the constipating effect 
considered due to an inhibition of intestinal ^ ,|,c 

been considered by most surgeons almost a spec 1 S 

spread of peritoneal infection. In such cases 

rowr^PeiLYorsir'of L ™re r^ecent teictbooUs on surgery - 

“ssriiiS's ™ G:™::rc. vo^.. 

n Anoleton snd Compsn^^ 1931. , , , j prnrffcc cd. 4, Philndclp^'*^* 

Lea & Febiger, 1931. iJIake, j. VrvrL- Thomas Nelson cv .. 

nIou yZurl: eTm— "surge.., ed 

^uafobredo?"’ “d »S- VpS' 

S w. F. Prior ~ ^f-“;;;-J”S,„„r,’p. H.i 3^/"' 

Peritoneum, ibid. ^ William Wood & Compan. , 

of Surgerj', ed. 2, 
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■oemgenographic n,etl,ods, 

cacj ctl l.lllc cftcct on the small intestine. He considered that the con- 
stipatMj cnect of tllese substances was due to the diminished defeca- 
t.on reflex. 1 rendelenburg ■= found that the addition of morphine and 
otiicr opium derivatives to perfusion fluids increased the activity of 
suspended loops of the intestines of dogs and cats but decreased the 
activit}' of the intestines of rabbits and guinea-pigs. Tsunemichi/® 
emplo}’ing tlie same methods as Trendelenburg, found that if the 
suprarenal glands were removed or if splanchnicotomy was performed 
in labbits, morphine exerted no inhibiting effect on the intestinal 
activit)'. Uhlmann and Abelin,*"* working with the isolated intestines 
of various animals, found that opium preparations in small doses 
always paralj'zed, in large doses stimulated and in very large doses 
at first stimulated and later paralyzed, the intestine. Contrary to 
Trendelenburg’s observations,^- they found that the intestines of both 
rabbits and guinea-pigs, the latter less than the former, were stimulated 
by the administration of morphine. Plant and Miller,^® working with 
Thiry fistulas in dogs, found that the injection of morphine caused 
marked increases in intestinal tone followed b}'’ increases in peristaltic 
movement. The increases in tone lasted from three to twelve hours. 
Because they obtained a typical reaction with loops of intestine which 
had been denervated, and after the administration of atropine, they 
expressed the belief that the action of morphine is peripheral and is 
exerted on the plexuses of Meissner and Auerbach. In addition to 
the experiments with animals. Plant and Miller found that similar 
effects were obtained by the administration of morphine to human 
beings. King and Church,^® working with Magnus’ preparations of 
intestinal musculature, found that the administration of morphine was 
without effect either on the tone or on the rhythm of the muscle unless 
large doses were given, which acted as a depressant. Miller and 

11. Schapiro, N. : Ueber die Wirkung von Morphium, Opium und Pantopon 
auf die Bewegungen des Magen-Darm-Tractus des Menschen und des Ticrcs, 

Arch. f. d. ges. Physiol. 151:65, 1913. 

12. Trendelenburg, P.: Physiologische und pharmakologische l^’ersuciic uber 
die Dunndarmperistaltik, Arch. f. exper. Path. u. Pharmakol. 81:55, 1917. 

13. Tsunemichi, Hayama ; The Role of the Suprarenals in the Sedative 
of Morphine on the Intestine, Folia pharmacol. japon. F :10, 1928. 

14. Uhlmann, F., and Abelin : Opium, Ztschr. f. exper. Path. u. Tlierap. 

^^^15. Plant, O. H., and Miller, G. H.: Effects of Morphine and Opium 

Alkaloids on Muscular Activity of Alimentarj' Canal : Action on ^ 

in Unanaesthetized Dogs and klan, J. Pharmacol. & Exper. T . -^fu.cidans 
16. Kin-^, C. E., and Church, J. G.: The Motor Reaction of the Mu.cu 

Mucosae to Some Drugs, Am. J. Physiol. 66:428, 1923. 
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Plant found that even if morphine was given over long periods, 
tolerance of the intestine for the drug did not develop. Gruber, Craw- 
ford, Greene and Drayer^® found that an antagonism exists between 
morphine and phenobarbital sodium, and between morphine and pitvii- 
tary. The loss of tone produced by the administration of phenobarbital 
sodium could be combated by the administration of morphine. Fol- 
lowing the administration of pituitary, morphine caused an increase 
in intestinal activity. The effects of morphine on the tone of the 
colon in both animals and human beings were determined by Plant 
and Miller.^® Recording balloons were introduced into the lumen of 
the colon through fistulas. In all instances, the injection of morphine 
caused an increase in intestinal tone and movement. This stimulation 
occurred at times several hours after the injection of morphine. There 
was a return to normal in about eight hours. These authors expressed 
the belief that one of the constipating effects of morphine is due to 
the fact that because of the increased tone in the colon food is retained 
therein for longer periods, so that water is absorbed, making the stool 
less bulky. Similar results were obtained by Gruber and Robinson,®” 
who found that the first injection of morphine always caused increases 
in tone and in amplitude of the intestine, whereas repeated injections 
tended to cause decreases in tone and in rhythmic contraction. Gruber, 
Greene, Drayer and Crawford®^ found that morphine and atropine 
acted antagonistically on intestinal musculature. The decrease in 
intestinal tone produced by the injection of atropine was combated by 
subsequent injections of morphine, whereas the injection of atropine 
at the height of an increased intestinal activity produced by morphine 
caused a marked drop in tone, the loss usually being recovered slightly, 

17. Miller, G. H., and Plant, O. H. : Effect of Morphine and Other Opium 
Alkaloids on Muscular Activity of Alimentary Canal : Influence of Continued 
Administration of Morphine and of Withdrawal on Contractions of Small Intes- 
tines of Dogs, J. Pharmacol. & Exper. Therap. 28:241, 1926. 

18. Gruber, C. M.; Crawford, W. M.; Greene, W. W., and Drayer, C. S.: 
The Effect of Sodium Phenobarbital and the Antagonism of Morphine to Pheno- 
barbital and to Pituitary Extract in Intact Intestine in Non- Anaesthetized Dogs 
Proc. Soc. Exper. Biol. & Med. 42:27, 1927. 

19. Plant, O. H., and Miller, G. H.; The Effect of Morphine and Some of 
the Other Opium Alkaloids on the Muscular Activity of the Alimentary Canal: 
IV. Action of Morphine on the Colon of Anaesthetized Dogs and Man, T. Pharma- 
col. & Exper. Therap. 32:437, 1928. 

20. Gruber, C. M., and Robinson, P. I,: Intestinal Activity in Unanaesthetized 

Dogs as Influenced by Ivforphine and Papaverine, J. Pharmacol. & Exper Theran 
37:101, 1929. ' 

21. Gruber, C. M.; Greene, W. W.; Drayer, C. S., and Crawford, W. M.; 
Further Studies on the Effect of Morphine Sulphate, Atropine Sulphate, and 
Hyoscinc Hydrobromide rspon the Intact Intestine in Unanaesthefized Dogs T. 
Pharmacol. S: Exper. Therap. 38:389, 1930. 
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D< o,, k, Carlson, Enokson. Srailh and Wangensteen,’* in experimental 
and dnneal observations, found that injections of morphine produced 
m llie noiim] bowel of both human beings and dogs immediate increases 
in intestinal tone followed b}' increases in peristaltic activity. These 
were more marked in the small than in the large bowel. In intestinal 
obsfiuction, a similar response' to the administration of morphine was 
obsened. In five patients and ten animals with intestinal obstruction 
thcic were evidences of increased activit}!^ as determined by increased 
peristaltic sounds. Gruber, Bryan and Richardson found that mor- 
phine, when injected intravenousl}’^, given b}' mouth or inserted into 
the lumen of the intestine through a Thir}!^ fistula, caused an increase 
in intestinal tone and temporar}’^ cessation of peristalsis in animals. 
Wilen and Dragstedt found that in the presence of peritonitis injec- 
tions of morphine caused an increase in intestinal movement. 


EXPERIMENTS 

Because of the widespread use of morphine in surgical practice, 
and because most of the recent studies have been made on normal and 
not on obstructed intestines, the present investigation was undertaken. 
Dogs were chosen as the experimental animals. Twenty-three obser- 
vations concerning the effect of morphine on obstructed intestines were 
made in eighteen dogs. In three additional animals, three observations 
were made of the effect of a mixture of the hydrochlorides of the opium 
alkaloids on obstructed intestines. Four observations were made on 
animals with obstruction of forty-eight hours' duration and nineteen 
on animals with obstruction of seventy-two hours’ duration. The 
three observations in which the mixture of the hydrochlorides of the 
opium alkaloids was used were made on animals with obstruction of 
seventy-two hours’ duration. The obstruction was produced as follows. 

Witlj the animal under ether anesthesia, and with aseptic technic, a laparofoiiij 
was performed. The terminal ileum was obstructed by tying binding tape tig it y 


22. Gruber, C. M., and Pitkin, Garrett: Further Observations^ on the Effect 

of Pituitary Extract and Morphine Sulphate upon Excised Dogs’ Intestines, J. 
Pharmacol. & Exper. Therap. 38:401, 1930. ^ 

23. Dvorak, H. J.; Carlson, H. A.; Erickson, T. C; Smith V. J’"' 
Wangensteen, O. H. : Influence of Morphine on Intestinal Activity in Experi 
Obstruction, Proc. Soc. Exper. Biol. & Med. 28:434, 1931. 

24. Gruber, C. M.; Bryan, W. T., and R'c!«rdson,_L R.: Response o 

Small Intestine in Non- Anaesthetized Dogs to Cathartic Agents, to i P 
Atronine Proc. Soc. Exper. Biol. & Med. 28:470, 1931. ^ in 

25. Wilen, C. J., and Dragstedt, C. A. : Action of Morphine on 
Peritonitis, Proc. Soc. Exper. Biol. & Med. 28:1056, 1931. 
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around the terminal portion of the ileum. Care was taken not to tic the tape so 
tightly that necrosis would result. After varjdng periods, from twenty-four to 
seventy-two hours, the animal was again operated on. Two tubes were introduced 
into the dilated obstructed intestine proximal to the obstruction ; one served as an 
enterostomy tube, and the other, which was introduced proximal to the enter- 
ostomy tube, carried a rubber balloon. The second, or recording, tube was con- 
nected with a tambour so that kymographic tracings of the activity of the bowel 
could be recorded. The animal was placed in a bath of salt solution, as described 
in previous publications, and kymographic tracings were made. 

OBSERVATIONS 

Four observations were made on three animals with obstructions 
of forty-eight hours’ duration. In two experiments, J4 grain (7.5 
mg.) of morphine was injected subcutaneously; in the other two 
experiments, ^ grain (15 mg.) was given. There was ' increased 
activity in three instances (75 per cent), and no change occurred in 
one (25 per cent). In the latter instance, however, the morphine was 
given at the height of an Increase in activity caused by a previous 
injection of morphine, and therefore one probably should consider that 
there was no change. The average increase in tone w'as 83.3-j- mm. 
(fig, 1). The average increase in amplitude was 28.3 mm., and the 
average duration of the activity was thirty-two and six tenths minutes 
(fig. 2), The activity persisted longer than these figures would indi- 
cate, because in two instances the intestine was still active at the 
termination of the experiment. The average dose was 2.6 mg. per 
kilogram of body weight. There was no change in blood pressure. 

Nineteen observations were made in fifteen dogs with obstructions 
of seventy-two hours’ duration. Five of these could not be used 
because the intra-intestinal balloon leaked. In one of the fourteen 
observations that were used, the balloon was leaking. In another, the 
morphine was given after the administration of 10 per cent dextrose 
solution, which we®'^ have shown to exert an inhibiting effect on the 
intestine. In thirteen (92.8 per cent) there were increases in intestinal 
activity, and in one (7.2 per cent) there was no change. The average 
increase in tone in the experiments in which there was normal activity 
was 43.1 mm. (figs. 3 and 4). In one instance, the increase was much 
greater than this, as the lever passed off the kymographic drum. The 
average increase in amplitude was 13 mm. (fig. 5). The average 
duration of the increased activity was twenty-eight and three tenths 
minutes plus. That the duration was much longer is proved by the 

26. Ochsner. Alton; Gage, 1. M., and Cutting, R. A.: Comparative Value of 
Spbncbnic .and Spinal Analgesia in the Treatment of Experimental Ileus Arch 
Surg. 20:802 (May) 1930. 

27. Gage, I. M.; Ocbsncr, Alton, and Cutting, R. A.: Effect of Insulin and 
Glucose on Normal .and Obstructed Intestine. Proc. Soc. Exper. Biol. & Med. 
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!•— Ivyniographic tracing showing the stimulating effect of morphine 
grain [7.5 mg.] injected subcutaneously) on an intestine obstructed for fort}’- 
cight hours. As indicated by the arrow on the left side, the morphine was injected 
at a time \%hcn the bowel was motionless. Within thirty seconds there was a rapid 
rise in tone, which was followed by increased movement. The increased tone 
persisted. 
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Fig. 2. — Kymographic tracing showing the effect of morphine (14 grain 
[IS rng.]) on the activity of an intestine obstructed for forty-eight hours. The 
arrow at the left of the tracing indicates the injection of morphine. Within one 
minute after the injection there was a marked rise in tone, associated with a 
definite increase of movement. The rise in tone was so great that the writing 
lever struck against the clock lever. The action was prolonged. 
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Fig. 3.— Kymographic tracing showing the effect of morphine (H 
[15 mg.]) on the activity of an intestine obstructed for seventy-two ou • 
„L at the left of the tracing indicate, the Wee, ion of 
approximately a minute and a half after the injection there was ^ 
in tone, which was associated with only a slight increase i , P 
increased tone persisted. 
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Pig 4 _ Kvmogrnpliic tracing showing the cfiect <ii inori-lnne { 1 1 grain 

[15 mg.)) on the activity of an intestine obstructed for seventy-two hours. The 
arrow at the left of the tracing indicates the injection of luoriihinc. Within one 
minute after the injection there was a sudden rise in tone, winch readied its 
maximum after approximately two minutes and was then associated witli a marlied 
increase in movement. After four minutes tlie tone fell somewhat; it reached a 
higlier level tlian before the injection of morphine and persisted at this level. 



Fig, S.-- Kymographic tracing showing the effect of morphine {14 grain 
[IS mg.]) on the activity of an intestine obstructed for seventy-two hours. The 
arrow at the left of the tracing indicates the injection of morphine. Within one 
minute after the injection there was a marked increase in intestinal movement with 
a rise in intestinal tone, which persisted until the end of the experiment. 



Fig. 6. ^Kymographic tracing showing the effect of subcutaneous injection of 
a mixture of opium alkaloid hydrochloride (% grain [20 mg.]) on the activity 
of an intestine obstructed for seventy-two hours. The arrow at the extreme left 
of the tracing indicates the injection of the preparation. Within two minutes after 
the injection there was a sudden rise in tone with an increase in movement. The 
bowel became tonically contracted, but later the tonic spasm was replaced by 
periods of increased intestinal movement. 
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act that m six of the thirteen observations in which there was increased 
activity tlic intestine was still active at the termination of the observa- 
tion. The average close of morpliine used was 1.8 mg. per kilogram of 
body weight. There was no change in the blood pressure except in two 
observations in which there was a gradual fall. In three animals with 
obstructions of sevent 3 ''two hours’ duration, observations were made 
of the effect q{ the administration of a mixture of the hydrochlorides 
of opium alkaloids. In each instance, grain (20 mg.) was adminis- 
tered. There was an average increase of tone of 36.6 mm., with an 
aveiage increase in amplitude of 14.6 mm., and the average duration 
of the increased activit 3 ' was twent 3 ^-two minutes (fig. 6). In two of 
these animals, however, dextrose solution was given at the height 
of activit 3 ’’, which undoubtedly influenced the effect of the mixture of 
the h3'drochlorides of the opium alkaloids. The average dose of the 
opium allcaloid preparation used was 2.4 mg. per kilogram of body 
weight. 


COMMENT 

From these experimental observations and from those of others, 
both experimental and clinical, it is apparent that the present concep- 
tion of most clinicians, especially surgeons, that morphine and other 
opium derivatives exert an inhibiting action on the intestine is incor- 
rect. That morphine is constipating is well known and cannot be 
denied. The constipating effect of opium derivatives is undoubtedly 
responsible for the erroneous conception that these substances inhibit 
intestinal activity, whereas, as suggested by Sollmann,® the consti- 
pating effect is probably due to spasmodic closure of the p 3 donis 
and diminished rectal sensitivity. It is possible, as suggested by Plant 
and Miller,^” that dehydration of the intra-intestinal contents may be 
a factor. Plant and Miller expressed the belief that, as a result of 
the increased intestinal tone, food may remain in the intestine for 
longer periods, which permits extraction of water. 

Most surgeons, even though they realize the value of the post- 
operative use of morphine, feel that it should be employed cautiously, 
because of the danger of inhibiting intestinal peristalsis. ^ We arc 
convinced from our own clinical experience that morphine in no na} 
favors ileus. On the contrary, its administration has been beneficia 
in cases of ileus. Previously we felt that the analgesic Properties o 
morphine were responsible for the improvement noted in patients v 
ileus, but we now realize that the stimulating action is also 
In the present investigation all observations were made on o ^ 
intestines. The beneficial results obtained from the admmistra 
in cases of peritonitis ate no. riuo to tltc J 
bLel, but are probably due to the analgesic and sedatne p P 
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of the drug?. Even ihonglt morphine not only doi-.s not inliiltil inle?- 
tinal movement luil actn.'illy incrca.ses il, it i? prohahle that in tin 
pre-scnce of intense peritoneal irrilalion, such a? is cati.Mal hy j)erilomti?, 
morphine exerts little or no stimulating effect. 'I'his ])rohahly explains 
why opiates arc not harmful in j)eritonilis. 

The efficacy of morphine as a stimulant of intestinal movement 
is demonstrated by comjiaring results obtained in experimental ileus 
bv the administration of morphine and fif hypertonic .‘'alt solutions. 1 he 
latter, since the original observations of Ilughson and Scarft anti 
Ross,"’ have been known to exert a powerful stimulating efiecl on the 
motility of the intestine. have demonstrated, both clinically 

and experimentally, that hypertonic Ringer’s solution intravenously 
administered is more cflicacious in stimulating intestinal activity than 
hypertonic solutions of sodium cliloridc. Whereas the administration 
of morphine to animals with intestinal obstruction of forty-eight hours' 
duration caused average increases in lone and amplitude of S3 mm. 
and 2S mm., respectively, the intravenous administration of hypertonic 
Ringer’s solution caused average increases in tone and ampliltidc of 
62 and 11 mm., respectively. The average duration of the increased 
activity in the experiments with morpln'ne was thirty-two mimtfes, 
and in those with Ringer’s solution, twelve and four-tenths iniimlcs. 
The results obtained in the two investigations arc not entirely compar- 
able because of the difference in the number of observations, four 
being made with morphine and fourteen with Ringer’s solution. The 
administration of morphine to animals with ohstr action of seventy-two 
hours’ duration caused average increases in intestinal tone and ampli- 
tude of 43 and 13 mm., respectively, whereas in similar experiments 
the intravenous injection of hypertonic Ringer’s solution caused aver- 
age increases in tone and amplitude of 64 and 18 mm., respectively. 
The average duration of the increased activity in the experiments with 
morphine was twenty-eight minutes, and in those with Ringer’s solu- 
tion, twenty minutes. 

It is evident that morphine is a definite stimulant to intestinal 
activity, and that it can even be compared with hypertonic salt solution 
in its efficacy, although on intestines obstructed for seventy-two hours, 
its effect was less marked than that of the salt solution. 

28. Hughson, W., and Scarff, J. E.: Influence of Intravenous Sodium Chloride 
on Intestinal Absorption and Peristalsis, Bull. Johns Hopkins Hosp. 35:197, 1924. 

29. Ross, J. W. : Hypertonic Saline in Adynamic Ileus, Canad. MAT IS- 

241,1926. ' ■ 

30. Ochsner, Alton; Gage, I. M.. and Cutting, R. A.; Treatment of Experi- 
mental Ileus by Hypertonic Saline Solutions, Proc. Soc. Exper. Biol. & Med. 
29:911, 1932; Influence of Hypertonic Sait Solution on the Motility of Normal 
and Obstructed Intestine : An Experimental Study,. Arch. Surg., to be published. 
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CO^rCLUSIONS 

1. Contrary to the opinions of most clinicians, opium derivatives 
stimulate rather than inhibit the activity of the small intestine. 

2. The present investigation demonstrates that the administration 
of morphine and of a mixture of the hydrochlorides of the opium 
alkaloids to animals with intestinal obstruction greatly increases the 
activity of the intestine. 
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CONGENITAL JJEFOK .M IT] ES 

Early Trcalmcni of Congenital Dislocation of the Hip. — Putti ^ 
reviewed 119 cases of congenital prcdislocation of the hip. Complete 
cure has been obtained in 113. The author advocated routine roentgen 
examination of the hips of infants in order that the condition might 
be recognized early and treatment begun immediately by the abduction 
method.- This method was applicable to all children under 12 months 
of age. 

ENDOCRINE REGULATION OF CALCIUM METABOLISM 

Role of Parathyroid Glands in Diseases Associated zoith Deminerali- 
sation of the Human Skeleton. — Compere,'’ from his observations in 
cases of generalized osteitis fibrosa, Paget’s disease and polyarthritis. 



152 articles selected from 258 titles appearing in the various medical journals 
approximately between March 25, 1933, and July 1, 1933. Only the papers that 
seemed to represent progress were selected for review. 

1. Putti, V.: J. Bone & Joint Surg. 15:16, 1933. 

2. Putti, V.; J. Bone & Joint Surg. 11:838, 1929. 

3. Compere, E. L.: J. Bone & Joint Surg. 15:142, 1933. 
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concluded that the first condition iras always associated with an 
adenomatous tumor of tlie parathyroid gland and was characterized 
by a high scruni calcium content, low plasma phosphates, increased 
excretion of calcium in the urine and a negative calcium balance. He 
stated that there was no good evidence that Paget’s disease was caused 
by h}peiparathyroidism; that anl^dosing polyarthritis was not caused 
by hjperparatltyroidism, and that the atrophy of the skeleton in poly- 
arthritis was due to disuse. 

Rcgidatiou of Blood Calcium Level Through Parathyroid Honiwiie. 

Spiegler and Stern reported their observations on the use of para- 
th 3 noid hormone in rabbits, in normal persons and during pregnancy. 
After injection of parathyroid hormone, there was a rise in the calcium 
level which was most marked in the experimental animals. The rise 
in the blood calcium took the form of a curve with its maximum in 
from one to two hours. No relationship could be found between the 
decline of the curve and the amount of hormone given. The rise of 
the blood calcium was not considered by the author to he a specific 
action of the hormone since a rise could be produced by other substances 
such as prolan or epinephrine. Changes in galvanic excitability did 
not run parallel with the amount of blood calcium. The authors were 
led to conclude that the parathyroid hormone in both normal and 
pathologic states acted as a regulator in attempting to maintain the serum 
calcium at a normal level. 


OSTEOMYELITIS 


Early Diagnosis of Acute Osteomyelitis of the Spine. — Esau ® called 
attention to the presence of edema and purulent collections in vertebral 
osteomyelitis as shown in roentgenograms. Shadows similar to those 
seen in tuberculous spondylitis were shown in illustrations in 2 cases. 
In both of these pus was obtained on incision, and the shadows dis- 
appeared on recovery. In one case the lower dorsal vertebrae were 
involved ; in the other, the low lumbar vertebrae. 

Acute Osteomyelitis of the Vertebrae. — Klein ® studied 18 cases of 
acute osteomyelitis of the vertebrae; 16 of these he reported in defai . 
All were metastatic from boils, previous chronic osteomyelitis, pneu- 
monia, cellulitis and phlebitis. He divided his patients into oiir 
groups; (1) those showing abscess formation anywhere along tic 
spine ; (2) those presenting complaints referable to the nervous system 
due to involvement of nerve roots; (3) those presenting only pam m 
the back and fever, and (4) those suffering from widespread a - 


4. Spiegler, R., and Stern, K.: Ztschr. f. Geburfsh. u. Gynak. I04.'2a0, 1933. 

5. Esau, P.: Deutsche Ztschr. f. Chir. ^9 = 615 193 j. 

6 Klein, H. M. : Acute Osteoni 3 ''eIitis of the ^ ertebrae, A 


(Feb.) 1933. 
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tcrcsiii.i ami intillij'lc alt^ccsi-f’.'-. Jj> )<> j'alifnl.'- llic pidrcf-'-rs of tlic 
vcrlclHav wt vo involved. 'I'ho rornts^cjjoi'.rain'- wnr fsa (jii'-ntly ii(’};ati\e. 
TvcaUncnl was always sinidcal, t. v., tlvainru’.c of ihc o'.^<•ous focti''. 

Os'roaiyrHlis of thr Snif'uhi. — Ginl'al ami Moniaftnc ' inmle a 
.systematic study of the vaiioiis types of osteomyelitis fif the, seajnila. 
How mitcli llicir snuly was imsed on actual cases is liard to dctcniiiiie, 
ahhoiigli .soim: case histories were i;iveii. "! hey found that fisteoinyelitis 
of the .scapula ocettrred as a ntle in (htr secoiifl deea<le of life, tliat it 
w.as twice ns commoit in males as in females, and tliat the patliotteiiic 
organism in all cases was Sta]thylococcns aureus which gained entrance 
in most cases through the shin, d'he iliflerent types of osteomyelitis 
were classified according to the location: ( 1 ) siiprasjiinotis : (2) iiifr.a- 
spinons; (a) snhscapnlav ; (4) avticnlav, (.a) axillary, and (6) diffuse 
pcriscapnlar. Diagnosis, treatment and complications were discussed 
under each of the six headings. 

Peculiarities of Osleoitiyelilis itt Parly Childhood. — Paschlatt '' 
studied the peculiarities of osteomyelitis in early childhood at the 
Children's Hospital of Berlin. In 42 cases of osteomj’clilis of the long 
bones in infants, diajthyscal localization was observed only 5 limes. 
Almost always the disease was found in the metaphysis. Often purulent 
arthritis in the nearby joints occurred, particularly when the cpijthysis 
was for the most part intra-arlicular, by s]M'ca(ling along the epiphysis, 
but not through the cartilage. The bones most frequently afTccted were 
the femur, humerus and tibia. The proxim.al ends were most commonly 
involved. The short bones and flat bones were involved frequently in 
infants, with decreasing frequency with each year of age. Suppurative 
arthritis was the commonest complication and was observed in 41 per 
cent of the cases seen in infants. Separation of the epiphysis was 
the next most common complication, occurring in 20 per cent of the 
infants. Bowing at the metaphysis was not infrequently seen. 
Secondary foci of osteomyelitis were not necessarily of grave prognosis ; 
of 7 infants with two foci, 4 recovered. It was not the number of 
septic metastases but their localization rvhich modified the prognosis. The 
least serious localizations were in bones, muscles and joints. Of the 13 
fatal cases, 9 were cases of e.xtensive osteomyelitis with metastases 
to vital organs. In these, abscess of the lung occurred 3 times, general- 
ized pyogenic abscesses 4 times, and pneumonia, mastoiditis and menin- 
gitis, once. In the other 4 cases metastases occurred late ; in one case, 
endocarditis, and in another, pericarditis, with a progressive decrease 
in resistance. The formation of sinuses and sequestrums were uncom- 
mon, but metastases to joints and other tissues were the characteristics 


7. Giubal, A., and Montagne, J.: Rev. de chir. 52:268, 1933. 

8, Paschlau, G. ; Monatschr. f. Kinderh. 55:280, 1933. 



420 


archives of surgery 


in ^ °/i osteomyelitis of the vertebra 

in a Zl month old infant was observed. Bacteriologic investigations 
ncie not recorded. The operative procedure was usually limited to 
opening the abscess at the metaph 3 'sis without disturbing the bone. 

url ici ugh ternpeiature was usualh’^ due to metastases to the joint 
or to other tissues. 


POLIOMYELITIS 

Prevention of PoUoniyelitis — In a resume of the investigation of the 
immunologic phenomena in poliomyelitis, Flexner ® concluded that 
whether or not it could be definitel}’’ proved that convalescent serum 
therapy was of benefit, the patient should be given the serum, as the 
choice la}' between no therapy and a kind of intervention beliei'ed to be 
harmless and perhaps sometimes useful in this disease. The advantage 
of passive serum protection during epidemics seemed to have been 
proved in part, and the possible future of active immunization was 
considered. 


CHRONIC ARTHRITIS 

Surgical Treatment of Osteo- Arthritis of the Hip. — Operative treat- 
ment was considered by Groves to be specially indicated in mono- 
articular osteo-arthritis of comparatively young patients and in those 
cases in which trauma has been a causative factor and pain a prominent 
result. Different operative procedures were suggested to meet various 
requirements; cheilotomy, in cases of marked osteophytic outgrowths 
resulting from trauma and confined to one hip ; arthroplasty, by reducing 
the head or removing the inferior part of the acetabulum, for hips 
with deep sockets when the head and neck were enlarged so that the 
joint became “seized”; arthrodesis, in single painful hips; excision, on 
' the worst side in cases of bilateral stiff and painful hips, and osteotomy, 
in cases of coxa vara or subluxation. 

Cystic Nodules of Terminal Finger Joints. — Nachlas reported 
a study of cystic nodules of the terminal phalanges of the finger joints. 
He removed and studied 28 specimens from 25 cases and treated another 
group symptomatically. He concluded that the gelatinous filled c}sts 
represented a preosseous stage of Heberden’s nodes. The}' shoucf 
a high calcium content but no uric acid or urates. He recommended 
removal of the cysts under local anesthesia (ethyl chloride) for cosmetic 
reasons. 

Roentgenotherapy in Arthritis. — Danger^- advocated hi^i 
roentgenotherapy as an important aid in the treatment of atrophic art i - 


9. Flexner, S. : Brit. M. J. 1:132, 1933. 

10. Groves, E. W.: Brit. M. J. 1:3, 1933. 

11. Nachlas, I. W.: Cystic Nodules of Terminal 

25:1067 (Feb.) 1932. 

12. Langer, H.: Radiolog}’ 20:78, 1933. 


Finger Joints, .Arch. Stir.,. 



KVUXS liT . 1 ! IX nh'I .''t'hU.hh'V 421 


lis. In addition to treating invdvcd joints dirci'th', he jjave paraver- 
tebral trcannciUs in (n der to inlhtoncc the symiiathctic panitliotts Mipjdy- 
ing tlic aiTcctcd areas. 'I’he rationale of this jn-ocednre. was based on 
the opinioit that the x-rays have some cttect on the vegetative nervons 
system whiclt produced better circnlatinn and tissue metabolism. J.'.eneii- 
ci.al restilts were observed in jiatients who <litl not receive any other 
sort of treatment. I.a!iger advocated the use of the x-ray.s before 
attempting any surgical measures on tlic .sympathetic ganglions. In 
addition to their effect on the .sympathetic nervous .system, the x-r.ays 
lessened anaphylactic reaction, had a direct cflect on lymjihocytes ajul 
leukocytes, reduced general inflammation and pressure on nerve sheaths 
and had an analgesic effect. Tlic technic and dosage were dc.scrihed. 

|Ed. Notk. — The place of roentgenotherapy in the treatment of 
arthritis is still in question. We advise caution in its use until more 
definite knowledge of its effect on diseased joints is obtained,] 


XKOri-ASMS 

Chondroma of the Intcrvcrlcbral Disk. — Alpers, Grant and Yaskin 
reported a single ease of “chondroma” of the intervertebral disk in a 
woman. S 3 'niptoms came on after a severe fall on the coccyx and were 
relieved completely by operative removal of the tumor. They found 35 
such cases in the literature ; of these, 46 per cent involved the cervical 
area; 37 per cent the lumbar region, and 17 per cent the thoracic region. 
The authors felt that these tumors developed as an outgrowth of the 
fibro'cartilagiiious annulus fibrosus rather tlian from the nucleus pulpo- 
sus since they were comprised chiefly of fibrocartilagc. A worthwhile 
review of the entire subject and of the current literature was given. 

Early Diagnosis of Malignant Disease of the Bone. — ^The complexity 
of early accurate diagnosis of osteogenic sarcoma, of either the osteo- 
plastic or the osteolytic variety, was emphasized by Brockman, who took 
the salient points to be ; pain, which was more severe if the periosteum 
remained intact; rapidity of growth; tactile sensation, and roentgeno- 
graphic examination. The importance of excluding gummatous osteitis 
was mentioned, but biopsy in such cases was condemned. In doubtful 
cases roentgenotherapy was advised, not as a curative, but as a diagnos- 
tic, measure, since under its influence, for a time at least, sarcomas, as 
opposed to inflammatory conditions, showed an increase of bone forma- 
tion. Primary malignant disease of the spine was rare, and although 
secondary malignant deposits were common, if the primary focus in 
these cases was unknown, the diagnosis might be somewhat difficult. 
Secondary growths from a hypernephroma were most commonly found 

13. Alpers, B. J.; Grant, F. C, and Yaskin, J. C.; Ann. Surg. 97:10, 1933. 

14. Brockman, E. P.: Practitioner 130:199, 1933. 
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c keel pulsation which in some cases facilitated the ditferentiation from 
secondary carcinomatous deposits. 


THE BACK 

^ Liiwbai and Lumbosacral Diarfhrodial -Joints . — From the examina- 
tion 0 ^ 44 skeletons, Odgers concluded that the hypersthenic form 
o articular facets in the lumbar region was more common in females, 
and the asthenic in males. This was true to a less marked extent in the 
lumbosacral joints. The superior articular processes began to open at 
the third lumbar vertebra, and in the vertebrae below this level the 
tendency of the articular surfaces was to increase in inclination toward 
the frontal plane. The difference in degree of inclination of the articular 
facets was due, he suggested, to variations in development and to the 
acthdt)' of the multifidus spinae muscle. 

Accessory Articular Process of the Lumbar Vertebra . — Rendich 
and Westing obsen^ed “accessory articular processes” in 5 patients. 
Two cases of this anomaly had been reported in the German literature; 
There was a separate ossicle occurring at the lower end of the articular 
process of the second arrd third lumbar vertebrae. It was distinguish- 
able from fracture by the absence of a history of trauma and by the 
roentgenologic appearance. In one case the variation was bilateral. 

Significance and Treatment of Sciatic Pain . — Craig and Ghormley 
summarized the various causes for sciatic pain and then discussed the 
treatment in those cases in which no known cause could be found. One 
group of patients was treated in the hospital and another group given 
ambulatory treatment. In the first group the results of rest, diathermy, 
Buck’s extension, intravenous injection of foreign protein and elimina- 
tion of foci of infection with and without epidural injections were 
considered. For the second group the results of epidural injections, 
sacro-iliac belts and diathermy alone and in various combinations were 
studied. A fairly high percentage of patients receiving institutional care 
were completely relieved of their symptoms. Fewer ambulatory patients 
were relieved but enough to make this sort of treatment wortli v n c 
when hospitalization was not feasible. 


SURGERY OF THE BOXES AND JOINTS 
Operative Treatment of the Ankylosed Joint. Campbell ^ rcvicucd 
an extensive experience (325 cases) with arthroplasty of Aanous }p 

15 Odgers, P. N. B.: J. Anat. 67:301, 1933. 193' 

16: Rendich, R. A., and Westing, S. W : Ant. ^neMgeno I, 

17 Craig, W., and Ghormley, R.: Significance and Trcatme 
Pains, J. A. M. A. 100:1143 (April 15) 1931 

IS. Campbell, W. C: Surg., Gynec. & Obst. 55./4/, IA-. 
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and regions. He considered in detail the indications and contraindica- 
tions, operative technic, postoperative care, complications anil cnd-rcsnlls. 
The paper gave a concise snminary of the present .state of Icnowlcdgc 
concerning tliis t 3 'pc of procedure. 'J'he article .should he read in detail. 

Operalive Arrest of LotKjiludiual Gnncllts . — At the Lniversit}' of 
Chicago Clinic 34 patients were operated on for arrest of growth of an 
extremity because of inequalit}' in length. 1 he operation consisted of 
“epiphyseo-diaphyseal fusion.” The technic of this procedure was 
described by Phemister.^" Among the common conditions resulting 
in inequality of length of extremities were: (1) fractures involving 
the epiphysis; (2) infection of the joints with epiphyseal destruction; 
(3) infections of the bones; (4) tumors of the bone; (5) congenital 
disturbances and (6) infantile i>aralysis. 

Operative Fixation of Tuberculous Flips in Children. — ^Wilson*® 
made a preliminary report of a study of 33 patients on whom 3S opera- 
tions were performed to secure ankylosis in tuberculosis of the hip. 
The operation called “iliofemoroplasty” consisted in turning down from 
the ilium a wide flap of bone into a slot between the trochanter and the 
femoral neck. Wilson advocated the operation at any age, since he 
felt that it did not interfere with growth. Fusion was not done in any 
case until the diagnosis was established by either biopsy or inoculation 
into guinea-pigs. Twenty-seven of 33 patients obtained ankylosis as 
shown both clinically and by roentgenograms. The position of fixation 
was from 15 to 20 degrees flexion and 10 degrees abduction. 

Combined Intra-Articular and Extra-Articular Arthrodesis for 
Tuberculosis of the Hip Joint . — ^Henderson reported the end-results 
in 35 cases of tuberculous hips in which fusion was employed. The 
ages of the patients ranged from 9 to 48 years. Twenty-seven, or 73 
per cent, were between the ages of 10 and 30 years. Operation rvas 
performed in 34 cases in the chronic stage of the disease; the thirty- 
fifth case was in the subacute stage. In 19 patients a combination of 
the intra-articular and extra-articular methods with a bone graft was 
used. In 16 cases fusion was attempted by extra-articular methods. 
Bony union was obtained in 91.4 per cent; the average time before bony 
union was secured was eight and four-fifths months. Henderson felt 
that a combination of the intra-articular and extra-articular methods 
with bone graft was the most effective procedure. 

^ Operative Treatment of Paralytic Genu Recuwatum.—Camphdl and 
Mitchell devised a new operation for the treatment of genu recurvatum 

19. Phemister, D. B.; J. Bone & Joint Surg. 15:1, 1933. 

20. Wilson, J. C.; J. Bone & Joint Surg. 15:22, 1933. 

21. Henderson, M. S.: J. Bone & Joint Surg. 15:51, 1933. 

22. Campbell, W. C, and Mitchell, J. I.: Ann. Surg, 96:1055, 1932. 
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resulting- from nifantile paralysis. The operation consisted in fusing 
the inferior portion of the patella to the anterior aspect of the head 
of the tibia so tliat the knee was blocked in complete extension or in a 
few degrees of hyperextension. Seven patients had been operated on 
with satisfactory results. In 1, the operation was performed on both 
knees. The -authors felt that the results obtained were superior to 
those following supracondylar osteotomy of the femur and thought 
that the efiect ii'as more perinaiient than that secured by any form of 
ligamentous fixation. 

[Ed. Note.— T he effect of bone block operations on the knee has 
not been sufficiently tested to allow definite conclusions to be drawn. 
There may be danger of traumatic arthritis developing later and also 
the possibility of recurrence of the deformity due to strain on the 
graft.] 

•> 

E.vlciisive Loss of Tibial Diaphysis; Tibiofibular Grafting . — 
Girdlestone and Foley described a case with extensive loss of the 
tibial diaphysis through osteomyelitis. Treatment consisted of 
buttressing the fibula* which was left in its normal position, against 
the remaining proximal and distal portions of the tibia. From the 
other tibia one long and two short osseous grafts and one large osteo- 
periosteal graft were taken. The long graft W 9 S laid on the exposed 
fibular ends within the raised periosteum; the two short grafts were 
implanted into the tibia! ends and bridged over to the fibula ; the osteo- 
periosteal gi^ft was placed over all, thereby completing the periosteal 
sheath. Plaster fixation for five months was followed by the use of a 
modified Delbert's walking plaster. Two years later there was no short- 
ening, and the patient was leading a normal life. 

Stump Lengthening Through Transplantation of Bone. Kraus 
reported the lengthening of a functionally useless humeral stump in a 
patient with a humerus which was only 13 cm. long with muscles uhic i 
extended 6 cm. farther distally. The author lengthened the stamp 
5 cm, bv driving a portion of one fibula into the reamed-out marro 
cavity of the humerus. The functional result was excellent. 

23. Girdlestone, G. R., and Foley, W. B.: Brit. J. Surg. 20:467, 1933. 

24. Kraus, H.: Deutsche Zfschr. f. Cliir. 240:237, 1933. 

CTo be Concluded) 
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Tlie condition of aberrant or accessory ])ancrcas was first descriljed 
Ijy Klob in 1859. In 1860 iMontgomery cited a case wliicli was recorded 
by Bristowe in his book of necropsies iii 1851, io whicli a pancreatic 
nodule yi in. (L9 cm.) in diameter and ’•■i in. (0.83 cm.) thick was 
found in the ayuU of the ileum. The nodule was in the middle of the 
ileum and was lohulated in appearance. As early as 1727 Jean Schultz 
• reported a case which, although it is not authentic, as there is no proof 
that the nodule found was pancreatic, is interesting from a historical 
standpoint He wrote tliat he found at autopsy in a new-born child 
“a wart similar to a gland” in the apex of a cone-shaped diverticulum of 
the ileum. The diverticulum was 4 cm. long and was situated 10 cm. 
from the ileocecal valve. 

Aberrant or accessory pancreas is ait infrequent anomaly. Opie 
found 10 cases in 1.800 autopsies, and Horgan found 2 cases in 314 
autopsies. Since Kloh reported his case there have been approximately 
186 instances of aberrant or accessory pancreas recorded. Warthin, in 
1904, analyzed 47 previously reported cases and added 2 of his own. 
Horgan, in 1921, gathered together 32 additional cases from the litera- 
ture and added 2 of hvs own, bringing the total of reported instances 
to 83. The last complete survey of the literature was made by Simpson 
in 1927. He collected 66 additional cases from the literature and added 
1 of his own, making a total of 150 cases of accessory pancreas recorded 
jn the literature. In the course of a review of the literature we found 
36 additional cases recorded. Among these were 6 cases of pancreatic 
tissue in a diverticulum of the ileum, which had been reported earlier 
than 1927 but were not included by Simpson in his survey — 1 of pan- 
creatic tissue in a Meckel’s diverticulum which Kaufmann mentioned 
having seen in the Baseler Museum, another of pancreatic tissue in 
Meckel's diverticulum, reported in 1928 by Schaetz, and 4 reported in 
1904 by Schmauser and Heller and referred to by Bize. Since Simp- 
son’s publication in 1927, 29 additional cases of aberrant pancreas have 
been reported, in which the diagnosis was corroborated by microscopic 
section. In only 1 of these was the aberrant pancreas located in a 
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iMcckcl’s cliverticiilum. The literature, as we have been able to review 
it, contains the reports of approximately 186 cases of aberrant or acces- 
sory pancreas. In 33 cases the aberrant pancreas existed in a diverti- 
culum of the stomach, duodenum, jejunum or ileum, and in only 13 
of these was the diverticulum described as a true Meckel’s diverticulum. 
Our case of Meckel’s diverticulum containing an accessory pancreas, 
herein reported and added to the literature, we believe to be the four- 
teenth recorded case. 

Table 1. — Cases of Accessory Pancreas Recorded in the Literature Since 
Simpson’s Review in 1927 


Locations of Accessory Pancreas 


Xanic of Recorder 

Alessandri 

Barcaroli 

Cafritz 

Cave 

Cogniauz 

Cox 

de Gaetani 

Haas 

Hilarowicz 

Kaufmann * 

Lordy 

Moore 

Schaetz * 

Sctimauser * 

Semsroth 

Ssokolow 

Sussi 

del Valle and Brachetto-Brian 

Vandendorpe 

Weeks and Steinke 

Wigrsussi 

Woniwill 


Duo- Gall- 
Stomacli denum bladder 

1 

1 

1 

.. 1 

2 3 1 

1 

1 

1 

1 

i 

i 

i 

1 

1 

1 

1 1 
1 

2 

1 


Mectcl’s 

Diver- 

Jejunum Ileum ticulum Total 

1 

" ■ 1 

.... j 

“ .1 


1 

1 

1 

i 1 

1 


Total 12 


13 


* Not included in previous articles 


but recorded in the literature prior to 1927. 


Zenker, in 1861, recorded the first case of a 
containing pancreatic tissue. Sin^ that q j^iazari, 

by Schirmer, Albrecht, Merkel, Hedmger, 

Albrecht and Arzt, Koch and Suzuki, comparative anatomy 

Oppel and Morgan completely reviewe creas is present 

and embroyology of the pancreas and jo^^.est order of 

in every species of .o .™n. The 

fishes) through amphibians, rept , j^ntterccl glands m the 

form varies from numerous „,e ciiilirvolnS”: 

single large gland found ,,,e mature devclopinen. 

development in man represents in a general u a, 1 

in the lower Vertebrata. consists of two sei>aralc e|>rtliel'al 

The aniage of the pancreas “"f . fr„„, the anlrrior 
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forms a portion of the head and nncinale process, 'i'lie larger l)nd 
arises from the dorsum of the gut and forms tlie rest of the head and 
the body of the gland. These buds grow independently for some lime 
and later coalesce to form the adult pancreas. Occasionally the}’ fuse 
on both sides of the duodenum and completely encircle it, giving rise 
to the anomaly known as ring or annular jiancreas. 

Many theories have been advanced to explaiir the genesis of an 
aberrant pancreas. Zenker believed that it is due to an additional hud 
from the foregut which has developed into a single independent glandu- 
lar mass, which, as the gut elongates, may be carried a great distance 
from its point of origin. Glinski believed that it is due to a failure 
of a primitive anlage to coalesce with the main j^ancrcas. Warlhin 
stated: “It is more probable that accessory pancreatic tissue is formed 
from lateral budding of the rudimentary jrancreatic ducts as they pene- 
trate the intestinal wall, the mass of pancreatic tissue thus formed being 
snared off and carried by the longitudinal growth of the intestine 
upward or downward.” In Horgan’s opinion, the accessory pancreas 
is formed as a result of the lateral buds of the pancreatic anlage attach- 
ing themseh'es to any organ with which they may be in contact and 
later being cut off from the main body of the pancreas by the growth 
and the change of relative position of the two organs. 

Anatomically, the aberrant pancreatic nodules are firm yellowish- 
white irregular masses which vary in size from 2 or 3 mm. to as large 
as 4 or 5 cm. in diameter. They have been found all the way along 
the gastro-intestinal tract from the stomach to within a few centimeters 
of the cecum, as well as in the omentum, mesenteric fat, splenic capsule, 
gallbladder and umbilical fistula. In 62, or 33 per cent of the 186 
reported cases, the nodules were found in the stomach; in 43, or 23 
per cent, in the duodenum; in 40, or 21.5 per cent, in the jejunum, 
and in 30, or 16 per cent, in the ileum. In 178, or 95.7 per cent of the 
cases reported, the aberrant pancreas was found in the wall of the 
stomach or small intestine, usually in the muscularis but frequently in 
the submucous or subserous layer. In 33, or 17.7 per cent of the total 
series, the aberrant pancreas was in a diverticulum — in 3 cases this was 
found in the stomach, in 3 others in the duodenum, in 1 in the jejunum 
and in 26 in the ileum. In 13 cases of diverticulum of the ileum con- 
taining aberrant pancreas the diverticulum was reported as a true 
Meckel’s diverticulum. 

Histologically the general structure is such that the diagnosis is 
evident on microscopic examination. The pancreatic acini are usually 
normal in structure and arrangement and frequently contain granules 
of zymogen. Islands of Langerhans may or may not be present. In 
many reports there is no mention made of them; in others they are 
identified with difficulty, while in still others they are recorded as being 
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normal in size and number. 'J'he ducts, when- mentioned, are described 
as being- lined with tlie epitbelium typical of pancreatic ducts and are 
scatteied tbiougliout the acini. They usually coalesce and open into the 
mlcstine. altliougdi some variations have been noted. According to Opie, 
they may open into the bile duct; according to Bean and Dreyer, they 
may occasionally open into the main pancreatic duct. Nicholson stated 
that they may be continuous with ducts lined by ceils identical with 
those of Brunner s glands. J he mucous membrane is usually tj'pical 
of that portion of the intestine in which the gland is found, but in some 
cases it has been gastric or duodenal, whatever the location of the 
nodule. When the accessor}^ pancreas was situated in the muscularis. 
its growth freciuentl}' thinned and separated the muscle fibers to such 
an extent as to produce a definite weakness in the intestinal wall. 

Ph3^siologically, the accessor}' nodules function like a normal pan- 
creas, and many authors have described granules of zymogen in the 
acini and ducts filled with richly albuminous precipitate similar to that 
found in the ducts of a normal gland. 

Clinically, it is interesting to note that although the majority of the 
known cases of accessor}' pancreas were found at autopsy and had 
apparently never produced clinical symptoms during life, the remainder 
had given rise to a large variety of surgical conditions, such as intus- 
susception, in the cases of Brunner, Bize, Benjamin and Hulst; mechan- 
ical intestinal obstruction, in the case of Albrecht and Arzt, and in that 
of Clogg; umbilical fistula, in Wright’s case; pyloric and duodenal 
ulceration, in the cases of Cohen and of Deaver and Reimann; pyloric 
obstruction, in the case of Hale and in those of Branham ; carcinoma- 
tous changes, in the cases of Branham, in that of Bookman and in that of 
Semsroth; pancreatitis, in the case of Mayo Robson, and in those of 
Opie and Gibson ; necrosis of fat, in one of Warthin’s cases, and intc.s- 
tinal diverticulum, in the cases of Neumann, Nauwerck, Simon and 
others. In our case of Meckel’s diverticulum containing aberrant 
pancreas and in that of Thomson the patient complained of symptoms 
simulating appendicitis. In neither case was the appendix sufficiently 
involved to account for the symptoms, and in each case the jjatieiit was 
completely relieved after removal of the diverticulum. 


REPORT OF CASE 

Hisfo, y.-H. J. M., aged 29, a geologist, was admitted to St. 

on Jan. 31, 1932, complaining of pain m ‘ ''“‘J' '‘‘7’ same region, 

Three days before admission he had suffered an attack- o P‘ ' • 

severe enLgh to “double him up,” which had 

nausea but no vomiting. The ne.xt morning there v c ^ 

the site of the pain. That evening he had a ^ of pain ’ and no urinary 

but of longer duration. He experienced no radiation of p . 
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symptoms or intestinal clisturlianccs. Prior to tlie onset of this illness he had 
always been in excellent health. 

Phvsical E.vnmiiio/ioii.— The patient was a stvonp;, healthy yonng man, weiKh- 
ing about 200 pounds (90.7 Kg.). Apparently he was not snlTering severe pain. 
The systolic blood pressure was 112; the diastolic. 78; the tcm|icratnre was 99.4 F. 
There were a slight rigidity and considerable tenderness on deej) pressure over the 
lower right quadrant of the abdomen. The remainder of the examination gave 
negative results. The urine was reported normal cxceiit for a few pus cells. A 
roentgenogram of the kidneys, ureters and bladder showed no umisnal condition. 
Hemoglobin was 70 per cent; leukocytes numbered 1. 1,400, with 20 per cent lymiiho- 
cytes and 74 per cent polymorphonnelears. 

A diagnosis of subsiding subacute appendicitis was made, and appendectomy 
was advised. The patient was allowed to go home to complete some work, hut 
he had another attack of pain the next day and returned to the hospital. A second 
physical examination gave the same results as tlic first, with the c.xccption that the 
leukocytes had increased to 15,500 and there were 90 per cent polymorphonnelears. 



Fig. 1. — Gross appearance of the exterior and interior of a Meckel’s diverticulum 
containing aberrant pancreas. 


Operation . — The abdomen was explored on February 1, access being gained 
through a median right rectus incision. The appendix showed only a moderate 
amount of inflammatory reaction, which seemed insufficient to account for all 
the sj'mptoms. Examination of the terminal part of the ileum revealed a Meckel’s 
diverticulum 8 cm. in length, situated about 90 cm. from the ileocecal valve, 
with what appeared to be a subacute inflammatory process at its tip. The 
diverticulum and appendix were removed. The stomach, duodenum, gallbladder, 
right kidney and right ureter were normal. The pathologic examination was made 
by Dr. E. M. Hall of St. Vincent’s Hospital. 

Patiwlogic E.xamination . — The specimen examined consisted of a Meckel’s 
diverticulum measuring 5 by 3 cm. (fig. 1). At the tip of the sac was a firm 
polyp-like growth of mucous membrane. The surface of the mucosa over this 
growth was coarselj- granular. In the wall beneath the mucosa was a mass of 
opaque gray tissue of glandular appearance resembling pancreatic tissue, which 
measured 2 by 1.5 by 1 cm. In the wall of the diverticulum, forming the sides of 
the tube, all the layers of the normal bowel could be distinguished. The mucous 
membrane was rather thick. The muscularis measured about I mm. in thickness 
and the circular and longitudinal layers could be identified with a hand lens 
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Hislolocjtc R-yaitiiiialioii.~Section<^ 

(ypical of H,ose seen j„ the pancreas The] glandular acini 

sJinpe and appeared to he somewhat ’ nJrc t in size and 

I-i.n,crl,.,„s could be seen iu each Z iwZt 'Vf' »' 

new tpg-. 2;. These were composed 



Fig. 2. Low power magnification of a section of aberrant pancreas in Afcckers 
diverticulum, showing small islands of Langerhans. 


of cells with extremely clear cytoplasm. Abundant ducts were found in the inter- 
lobular fibrous tissue. None of the ducts was dilated, so that it was ew'dent tlmt 
the secretion reached the lumen of the bowel. 

The mucosa covering the accessory pancreas was distinctly hypertrophied, it 
was of considerable interest also because of its varied constituents. Along one 
edge of the section appeared fairlj’ normal lypertrophic villi of the small intestine. 
These were verj' long and closely set and were coi-ercd with thick columnar epi- 
thelium having clear cytoplasm. There was a moderate number of rather inariue 



431 


11 UNT-BONllSTPJlL-MliCKlli:S VIVIIKTICVI.VM 

goblet cells. The opposite side of the section showcil a sotpcwli.-it similar luctiirc 
except that the villi were more or less edematous and contained minierons dis- 
tended goblet cells. A considerable number of round cells and a few eosinoiihils 
were present in the supporting connective tissue of the villi (fig. 3). 

The mucosa over the midportion of the Rrowlli showed the characteristics of 
gastric mucous membrane. The upper third was composed of .'-hort. broad villi 



Fig. 3. — Section of mucosa covering an accessory pancreas, in which appear 
fairly normal hypertrophic villi of the small intestine. 


covered with thick epithelium of much the same nature as that described in the 
preceding paragraph. The deeper two thirds was made up of irregular tubes lined 
with two kinds of cells; (o) a small cell with granular cytoplasm and (h) a much 
larger, plumper cell with bulging sides and clear vacuolated cytoplasm (fig. 4). 
These types of cells correspond closely with the chief and parietal cells of the 
gastric mucosa. Many round cells and eosinophils were present in the superficial 
portions. 
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plctcly rcvicuTd tlw Htcratlt?rand”l Simpson, in 1927. com- 

of accessory pancreas ''1 1 ““ 

respective papers. Table 2 shows tl '? 
pancreas found Iw prericus n H '“os of accessory 

pretrous authors and by us and the locations. The 



Fig. 4. — Section of niucosa covering an accessory pancreas, in wliicli arc sliovn 
chief and parietal cells of gastric mucosa. 


discrepanc 3 r bettveen the figures of our table and those of Simji'-on .•> 
may be explained by stating that in 6 cases the itumber of acces.sorv 
pancreatic nodules was multiple — in 5 cases there were 2 accessorv pan- 
creatic nodules, and in 1 case there were 3 nodules. Simp.son s table i' 
based on the number of accessorv pancreatic nodules, arifl oiir.s. on the 
number of cases. The cases listed as occurring in Meckel's fliverticiih 
include all conditions claimed bv the authors reportin^^ them m he ab- r- 
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vanl puncrCtis in n true ^Icckcl s diverticulum, even tlinurjli the iixiewcis 
did not list them as such. 

Considerahle controversy has arisen amoni; many authors as to 
whether the diverticula in which the pancreatic nodules were found were 
secondary diverticula, owing to the presence of the pancreatic nodules, or 
whether they were true Meckel’s diverticula containing accessory i)an- 
creases. Opinion is about evenly dividetl. Kaufmann stated that a 
true Aleckel’s diverticulum is located oi)posite the mesenteric attachment 
about 1 meter above the ileocecal valve in adults (this may varj- from 
0.5 to 2 meters at the most) and about from 0.3 to 0.5 meter above the 
valve in the new-born. The size may vary, but is usuall}' that of a 
finger. Sometimes the diverticulum has its own mesenteric attachment 


Table 2. — Instances of Accessory Pancreas Collected from the Literature 


Location 

Wartliln 

(11101) 

Ilorgan 

(11)21) 

Siinjxon 

(1!)27) 

Hunt and 
lioiu'stccl 
(1032) 

Total 

Tit Cent 

‘Wall of stomach 

11 

8 

25 

12 

.-n 

31.7 

Wall of duodenum 

10 

4 

34 

32 

40 

21. r, 

Wall of jejunum 


13 

30 

3 


20.0 

Wall of ileum 

1 

1 

o 

, , 

4 

2.1 

Wall of intestine (c.\nct loca- 
tion not given) 

1 

1 

1 



i.r> 

Diverticulum of stomach 

1 


2 


3 

1.0 

Diverticulum of duodenum.. . 

, . 

2 


i 

3 

1.0 

Diverticulum of jejunum 

1 



, . 

1 

0.51 

T)iVPrtfi'iilnTn rtf 

2 

^5 

4 

4 

33 

7.0 


3 

1 

r> 

3 

13 

7.0 


1 

, , 



1 

O,.';! 


1 




1 

0.54 

Omentum 

1 




1 

0.51 

Splenic capsule 


3 

2 



2.0 

Gallbladder 

, . 


1 

i 

2 

1.1 

Total number of cases.. . . 

•19 

31 

07 

3C 

ISO 



with vessels from the omphalomesenteric vessels. According to Keen, 
Meckel’s diverticulum occurs in about 2 per cent of all persons and may 
he located anywhere from 4 cm. to 4 meters from the ileocecal valve, 
l)ut usually it is situated between 30 and 90 cm, from the valve. It is 
generall}^ more than 2 cm. in length, and ma}'^ have a direct connection 
with the umbilicus or may be united indirectly with vascular bands to 
the mesentery, intestines or umbilicus. 

Zenker, in 1861, reported that he had found at autopsy in an adult 
a nodule of pancreas the size of a cherry pit in the fatty tissue around 
the apex of a true Meckel’s diverticulum and communicating with the 
diverticulum only by means of a small duct. The diverticulum was 
54 cm. from the ileocecal valve. He was of the opinion that under the 
circumstances it would have been impossible for the accessory pancreas 
to have been a causative factor in the production of the diverticulum 
All)recht and Arzt described a cordlike structure of connective tissue 
extending from the apex of a diverticulum and containing an accessory 



^ 3-1 


archives of surgery 


a remnant of the omphalomesenteric 
1 1 whtch the}^ considered as definite proof that 

the divert, adnm ,vas a h-t,e_ Meckel’s diverticulum. Kocli and Suzuki 
. ^ cckcl s diveiticula at autops}^ and found pancreatic tissue 

in ^ of them. Wright performed an operation on a child 12 years 
o Hj^e foi a congenital umbilical fistula, which he found was due to an 
accessory pancreas draining through the umbilicus. This suggests that 
the accessor}- pancreatic nodules can become disseminated along the 
omphalomesenteric tract. Furthermore, among others, Schirmer, 
Eugen Albiecht, Merkel, Hedinger, Kaufmann, Nazari and Cogniaiiz 
described cases in which the pancreatic nodule was located in a diver- 
ticulum of the ileum, which the}'^ considered to be a true k'leckel's 
diverticulum. 


Neumann, Brunner, Size, Simon, Robertson and Hulst reported 
cases of an accessor)'- pancreas in a diverticulum of the ileum, -which 
diverticulum they believed was the result of the presence of the acces- 
sor}^ pancreas. In support of this view they urged that Meckel's diver- 
ticulum occurs in a definite location, and that in only a small percentage 
of the cases was the diverticulum found in such a location that it might 
be considered a true Meckel’s diverticulum; also, that there have been 


cases in which the diverticulum containing pancreas has been found at 
an}' point along the gastro-intestinal tract from the stomach to within 
a few centimeters of the ileocecal valve. They explained the formation 
of the diverticulum by stating that a nodule of pancreas located in the 
musculature of the intestine could so spread and weaken the muscular 
coat during growth that the intra-intestinal pressure and the peri- 
staltic traction on the nodule would produce a bulging or diverticulum 
at that particular point. In support of this argument Nauwercks case 
Avas interesting in that two distinct dir'erticula Avere found, the proximal 
one at a distance of 230 cm. and the distal one at a distance of 80 cm. 


from the ileocecal A'alve. The proximal diA'erticulum contained jiaii 
creas ; the distal one was a true Meckel’s diverticulum and did not contain 
pancreas. The author pointed out the similarity of the two diverticula 
and stated that had he not found the second one lie would have con- 
sidered the diverticulum containing the pancreas a true j\feckcl .s mur 
ticulum. It is probably true that many of the diverticula contaunng an 
accessory pancreas are secondary to the presence of the accessor} pan 
creas in the gastro-intestinal Avail ; however, as is fair!}- well I’''"'*-' ^ 
the cases reported by Wright, Albrecht and Arzt, 

Suzuki and others, accessory pancreatic nodules may be dis.se < 
along the omphalomesenteric duct and may lie found in direc a.v- t . 
tion with a true IMeckel’s diverticulum. 
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SUMMARY 

The lileruture contains reiioi'ts of 18G cases c)f accessov}' oi al)cnant 
pancreas; in 178 cases the aberrant pancreas was found in the stomach, 
duodenum, jejunum or ileum. For the most part the aberrant jiancreas 
existed as a nodule in the normal gastro-intestinal wall. In 33 cases, 
however, it was found in a diverticulum of the stomach, duodenum, 
jejunum or ileum. In only 13 of these cases was the diverticulum 
classed as a true Meckel’s diverticulum. Tiic case herein rejjorted is the 
fourteenth recorded case of a true Meckel’s diverticulum containing pan- 
creatic tissue. 

RECORDED CASES OF DIVERTICULUM OF THE TERMINAL ILEUM 
CONTAINING ABERRANT TANCREAS 

The situation of the diverticulum in the cases reported ranged from 
10 cm. to 2.3 meters from the ileocecal valve. They may be cases of 
true Meckel’s diverticulum but were not designated as such liy the 
authors. 

Case 1. — Neumann, in 1870, found at autopsy in a boy, aged 10 months, a 

diverticulum 60 cm. above the ileocecal valve, to the apex of which an accessory 

pancreas the size of a pea was attached by a pedicle. 

Case 2. — Nauwerck, in 1892, found in a man, 43 years of age, a diverticulum 

9 cm. long, located 2.3 meters above the ileocecal valve, in the ape.x of ivhich 

there was an accessory pancreas. Another diverticulum which was found in the 
same patient, 80 cm. above the ileocecal valve, Nauwerck considered a true Meckel’s 
diverticulum. The latter contained no pancreatic tissue. 

Case 3. — Brunner, in 1899, found at operation in a child, aged 4j4, an intes- 
tinal obstruction resulting from the invagination of a diverticulum into the lumen 
of the ileum. The diverticulum was situated 37 cm. above the ileocecal valve 
and contained in its apex an accessory pancreas 22 mm. in diameter. Brunner 
was doubtful whether this was a true Meckel’s diverticulum. 

Cases 4 and 5. — Bize, in 1904, cited a case of Bize and Kirmisson, who had 
observed at autopsy following an operation for intussusception a diverticulum the 
size of the thumb, 25 cm. from the cecum, which contained a nodule of pancreas 
the size of a hazelnut. 

Bize cited another case, of Bize and Grisel, in which was found at operation 
in a child, 6 years of age, a diverticulum 4.5 cm. long, situated 60 cm. from the 
ileocecal valve. The diverticulum was invaginated into the lumen of the ileum and 
contained in its apex an accessory pancreas the size of an almond. 

Case 6. — Simon, in 1905, found a diverticulum the size of a thumb 75 cm. 
above the ileocecal valve, in the apex of which there was an accessory pancreas. 

Case 7. — Thomson, in 1908, found at operation in a man, aged 33, a diverticu- 
lum 45 cm. above the ileocecal valve, which contained an accessory pancreas in 
its tip. 

Case 8.— Hulst, in 1909, found a polyp-like structure 2.5 cm. long, situated 
10 cm. above the ileocecal valve, containing at its apex an aberrant pancreas 12 
mm m diameter. This structure represented an invagination of the intestinal 
wall. The author was doubtful as to whether or not it was a true Meckel’s 
diverticulum. 
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kixokdi-d cases of true Meckel's diverticulum contaikikg 

ABERRANT PANCREAS 

cuIinn '^’'TJr^ri;"*'‘T’ ”1 3” 3^“^^ a Meckel’s diverti- 

t i.vT '-‘ke a “finger of a glove.” E„,bedded in 

tlie fatty tissue near its apex was an accessory pancreas. 

Uorl7 ^S93, found at autopsy in c hoy, 3 j’cars of age, a true 

: fcckc s ciivcrticulinn shaped like a “finger of a glove.” It was located 115 cm. 

. I coceca \ahc on flie convex margin of the ileum and measured 8 cm. 

m length and 2.5 cm. in diameter; it had a small mesentery of its own. In the 

apex o tie dncrticulum was a small nodule of accessory'' pancreas the size of a 

bean. 

Case 3. Albrecht, in 1901, found a true iVfeckel’s diverticulum with a nodule 
of aberrant pancreas in its ape.x. 

Case 4. Merkel, in 1905, found at autopsy a true Meckel’s diverticulum 1.5 
meters from the ileocecal valve, in the apex of which he found a “pancreatic 
embryo.” 

Case 5. Hedinger, in 1906, found at autopsy in a man, 36 years of age, wlio 
had died of heart trouble, a true Meckel’s diverticulum S cm. long and located 
about I meter above the ileocecal valve on the convex surface of the intestine, 
in the apex of which be found a nodule of pancreas 2.5 by O.S cm. in diameter. 

Case 6. — Kaufmann, in 1907, reported a case in the Baseler Museum in which 
an accessory pancreas the size of a nut was found in the tip of a diverticulum 
located at the site corresponding to the location of a true Meckel’s diverticulum, 

Case 7. — Clogg, in 1908, found at operation in a boy, 12 years of age, in whom 
symptoms of intestinal obstruction had developed immediately following a blow 
in the abdomen, a true Meckel’s diverticulum ^ in. (1.9 cm.) in length, in the 
end of which was a flat mass of pancreatic tissue ^ in. in diameter. 

Case 8. — Nazari, in 1909, found at autops)^ in a man, aged 35, who had died 
of hemorhage following perforation of a gastric ulcer, a true Meckel’s diverticulum 
5 cm. long and 1 cm. in width, located 1 meter above the ileocecal valve, in the 
apex of which there was a mass of pancreatic tissue 1 cm, in diameter. 

Case 9. — ^Albrecht and Arzt, in 1910, reported the case of a boy, 15 years of 
age, who had alwa)'^s bad good health until three days before operation, when he 
was seized with pain resembling colic, which gradually increased, with the dc\ch 
opment of complete obstruction, fecal vomiting and visible peristalsis. At operation 
the intestine was found to be greatly distended and inflamed, and the abdomen 
contained turbid fluid. The obstruction was found to be due to a r crj tit, I 
stretched cord of connective tissue, which was severed. One end of the cord 
attached to the apex of a Meckel’s diverticulum which contained an accessory pan- 
creas. The attachment of the other end of the cord could not be found. •• mec i 
and Arzt believed this cord to be a remnant of the omphalomcscnfcnc due ai 
were of the opinion that its presence was conclusive evidence that the < iver icu 
was a true Meckel’s diverticulum. 

Cases 10 and ll.-Koch and Suzuki, in 1912, examined 50 Meckel’s dner >cu ■ 
at autopsy in 2 of which they found accessory pancreatic tissue. 

-Sebaeu, ia .925, reparW a caso .( -.faebc.b .livcrbo, 


Case 12.- 


pancreatic tissue in a girl, aged 27, who had 


died of pulmonary (ubercubo 


I’att- 


creatic tissue 
ticulum. 


and the gastric type of mucous membrane were 


/found in the 'O'er- 
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l3.~Cogniaiu., in 1928, {omul at operation for inUisMiscei)lion in a child, 
aged 4. an invaginalcd Meckel's diverlicnlnin the apex of which contained an 
aberrant pancreas the size of a hazelnut. 
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MECKEL’S DIVERTICULUM 

KKPORT OF A CASE OF HEMORRHAGE IN THE BOWEL ASSOCIATED 
WITH A MECKEL S DIVERTICULUM THAT PRESENTED AN ADE- 
NOMA COAIPOSED OF GASTRIC AND DUODENAL GLANDS 

R. N. SCHULLINGER, M.D. 

AND 

A. P. STOUT, M.D. 

NEW YORK 


The case reported in this paper is of interest not only because 
it appears to be unique but also because it emphasizes two aspects of 
Meckel’s diverticulum which have received some attention but are not 


yet sufficientl}^ appreciated or emphasized. These considerations are, 
first, that Meckel’s diverticulum rather frequently contains heterotopic 
alimentar}^ tissue, and second, that the diverticulum may manifest 
itself clinically by bleeding, especially if it contains heterotopic gastric 
tissue, although this is not the only cause of bleeding. An anal3"sis 
of the reported cases of bleeding Meckel’s diverticulum with a discus- 
sion of the more probable causes of the hemorrhage will be given 
subsequently. 

REPORT OF CASE ^ 


History. — A boj^, aged 16, American born, a high school student, had been in 
good health up to the onset of the illness to be described, with the e.Yception o 
mild but persistent constipation associated with occasional vague, transitory pam in 
the upper part of the abdomen, during the past four years. While attending an 
exhibition on the afternoon of Nov. 30, 1929, he suddenly felt nauseate an wen 
to a nearby drugstore, where he took some sodium bicarbonate, whic i le UO’i’P 
vomited. At this time he felt a desire to defecate and had one small, but w 
formed, brown stool. On his way home he vomited four or ^e^ times a • 
experienced cramplike pain in the right side of his abdomen, w nc i 
constant, but later became intermittent, more severe, and fina y Intcry 

his arrival at home he was taken with diarrhea. The first s oy v ^ 

but these were soon followed by large bloody Wood. There 

small amount of mucus with bright red blood but not mixe , found 

was no history of a preceding dietary ‘f J^dTs' 

the patient acutely ill and pale, with a pulse ra e 

ture The extremities were cold, and the patien -eniec o e m a ^ ^ 

Hospitalization was advised, and he was immediately brought to 
Hospital and admitted to the first surgical division. 

ca,e ,V„ presented before ,l.c See.ion o, Snrper,-. .Verr 1-1 t - 

of Medicine, Oct. o, D30. 
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SCIWUJNGER-STOUr—MllCKnL'S DU'nRTlVVI.VM 

E.vauiiuatwu . — ^NVlicii first seen by one of ns (R. N.S.)» *be patient \yas tall and 
rather thin for his age, and seemed acutely ill and in evident jiain. His face was 
flushed. The pulse rate was 120: the blood pressure, 80 .systolic and OO diastolic, 
and the temperature, 103 F. by rectum', respirations were 28 per minute and eiitirelj 
thoracic. The throat was slightly injected, and the heart, except for its raiiid rate, 
was normal ; the lungs were clear. '1 he abdomen was scajihoid and symmetrical and 
presented no scars or rash. It did not move with respiration, and no peristaltic 
waves were noted. There was involuntary spasm over the whole right lower fpiad- 
rant with associated tenderness. The iioint of niaxiimim tenderness was slightly 
above and mesial to McBurncy’s point. Rebound tenderness was present over this 
same area, but no mass could he felt. Fluid wave, areas of shifting dvilness and 
obliteration of liver dulness were absent. The rectal ampulla was empty, and no 
mass could be felt in the lumen above or impinging on the rectal wall. There was 
slight tenderness high up on the right side of the rectum. During the examina- 
tion the patient had three very severe paroxy.sms of pain lasting about three 
minutes, then gradually subsiding. There was also one large bowel movement con- 
sisting of bright red blood uuiuixcd with mucus. The red cell count was 4,700,000 
and the white cell count 16,500 with 93 per cent polymorphonuclears. Urinalysis 
gave negative results. 

The picture was unusual. There was nothing in tlie past history to suggest 
duodenal ulcer. The severe pain and prostration, with the signs pointing to the 
ileocecal region, suggested an intussusception, but in this condition bloody stools 
are supposed to occur only once or twice and in smaller amounts, while the blood 
is said to be mixed with the mucus. Volvulus was considered as another possi- 
bility, as well as a bleeding ulcerated intestinal polyp or perliaps an ulcer of the 
lower portion of the ileum or of the cecum. Acute colitis and the various dyscrasias 
of the blood were not seriously considered in view of the sliort history and the 
physical signs, 

Because of the severity of the abdominal signs, together with profuse bleeding 
by rectum, fever and leukocytosis, operation was advised. This was also concurred 
with by Dr. William Barclay Parsons, Jr., who saw the patient in consultation 
with us. Meanwhile, general preoperative supportive measures were instituted. 
A preoperative diagnosis of ileocecal intussusception was made. 

Operation . — Under nitrogen monoxide-oxygen anesthesia, the peritoneal cavity 
was entered through a middle right rectus incision. No free fluid or evidence of 
peritonitis was noted. The intestinal coils were not distended. The appendix was 
normal in position and appearance, and the ileocecal region revealed no evidence 
of a recent intussusception. The whole extent of the colon was carefully' exam- 
ined, and nothing abnormal could be seen or felt. The ileum was then followed 
from the cecum proximally, and about 3 feet from the ileocecal junction a segment 
of slightly distended intestine was encountered, through the walls of which could 
be detected reddish-brown material, presumably blood. About midway along this 
blood-containing segment of intestine a Meckel’s diverticulum was found arising 
from the antimeseirteric border, at right angles to the long axis of the intestine. 
It was about from 10 to 12 cm. in length, the circumference equaling that of the 
adjacent ileum. It coursed downward, forward and mesad, and the tip continued 
as a very thin, pale, delicate threadlike process which was attached to the anterior 
abdornmal wall a little below the umbilicus. The diverticulum was not distended 
nor did it appear to be acutely inflamed. Along the proximal half of its inferior 
surface there was noted the attachment of a mesenteriolum containing a single 
large blood vessel. The intestines were then carefully examined up to the duodeno- 
jejunal junction, and nothing abnormal could be detected. The mesentery of the 
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flivcrticuluin was • . 

tsr. r ? - s v'S 

iiiinisliccl. The appendix “,2"''”' '» ‘'"Veda”? 

_ Ro^topcrativc Course Th 

aO’on, the pulse remaining- somSarrant%'”°^'''’‘‘' 
cniperature gradually subsiding until itL ^ three days and the 

«'as no nausea, vomiting or distentioi and T 
'movements revealed no more JTne. 

the wound, but nothing simulatil tL ^ ^ P"'" 

operation. The wound remained de^^ IT T previous to the 

oil the thirteenth day and was allowIIT^ T 

discharge from the hospital, an enema of ba 71^^ twenty-first. Before his 
of roentgenograms of the o-astro intent' i + so’phate was given and a series 
no delay in filling the olio.: an 77 f former showed 

normal. After evacuation there were no slad ’^’■g^'^owel appeared to be 
senes of roentgenograms revealed n 77 ?’® ®n-P^osting diverticula. The 
sized stomach. There was no i i movable, nontender, medium- 

stomach was regular. Under tie oniptymg time, and the outline of the 

but the films revealed no d^f ' noroscope, the duodenal bulb seemed irritable, 
i^ours there tvaH small "llt'r At si.v 

genologist was not certain whefl°” °t(,- terminal ileum, but the roent- 

diverticulum or at the Hen t previously removed 

was seen Since the naf 7^ twenty-four hours nothing abnormal 

at a vSt made JLT T f>-°™ ‘ime to time, and 

His color was <rnod At^venty-seven months after operation, he looked mil. 
plained however of’ s lowed moderate development in stature. He corn- 

men which he h^d hTT'T'°‘^ crampiike pains on the left side of the abdo- 
to the scar fh Ir 7 rnmiths. He had no symptoms referable 

-cod there wer ‘quadrant. His appetite was 

had he natlreH W 7 disturbances, and at no time since the operation 

in Jnd 7 7 7°'' Examination revealed that the patient was 

hafthl'’ ^'"'7 apprehensive and worried for fear 

nf i-u some new serious malady lurking- in his abdomen. Inspection 

P^jt * °wed nothing abnormal. The scar was well healed and firm. 

f* 7^ . °®^d nothing unusual except tenderness in the left lower quadrant 

over :e sigmoid, which could be felt. There were no other masses or tender 
areas.. ectal examination gave negative results. Analysis of the stool showed 
no evi ence of blood, ova or parasites. An enema of barium sulphate revealed a 
normal colon except for rather marked spasm of the descending colon with sligiil 
diminution in the depth and number of haustrations when compared with the 
findings two years before. A series of roentgenograms of the gastro-inlcstinal 
tract and a study of the ileum were also made, and the^’ failed to show any evidence 
of a gastric, duodenal, jejunal or ileal pathologic process. In view of tliesc find- 
ings, it was thought that the patient’s symptoms might be due to a spastic colon 
He was therefore placed on a semibland diet and given moderate doses of sodiinn 


nitrite and tincture of belladonna. The response to this regimen was good, and 
two months later he was entirely symptom-free, whereupon the antispa‘;rn''/'bc 
therapy was discontinued, and he indulged in a liberal, well balanced diet v.ftfvu! 
ill effect. He was last seen Dec. 16, 1932, three years after bis operation. Iff 
had been feeling e.xtremeb' well, had gained considerable weight atul was ru'W- r- 
ately active in athletics. His habits are e.vcellent. and bis bowels ino\e rcruhrly. 
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There are no nhdonhnal pains, anti he has no symptoms referable to his scar or 
former illness. Examination .showed him to he in splendid condition. The abdo- 
men was soft, and the scar was firm ; no masses were felt, and there were no 
areas of tenderness. The follow-np rcsidt has, therefore, been most satisfactory. 

Pathologic E.voiiifiinlfoii.— The divcrticulnin, which had shrunken considerably 
after fixation in a diluted solution of fonnaldchyclc, measured about 4 cm. in 
length. The peritoneal coat was smooth, but at one point showed some small 
nodular projections about 1 mm. in diameter. Tlie remains of the threadlike 
adhesion could be seen at the tip (fig. l,B). The diverticulum was bisected longi- 
tudinally, and the lumen seemed empty. The knife decapitated an isolated peduncu- 
lated tumor which sprang from one lateral surface of the mucous membrane in 
the distal portion over an area 4 mm. in diameter. It was rounded and slightly 
nodular, and measured 7 nmi. in length, 5 nmi. in width and 4 mm. in height. The 
mucous membrane of the diverticulum seemed to be pink and intact, and had 
many papillary elevations less than 1 mm. in diameter, which represented appar- 



Fig- 1. — Photograph of a Meckel’s diverticulum enlarged one and one-half times. 
At the right is shown the external surface with dilated subserosal vessels. A is 
the portion of the diverticulum which was attached to the ileum; B, the remnant 
of the adhesion at the tip. In the middle is shown the pedunculated adenomatous 
growth attached to the mucosal surface of the diverticulum. Its dome has been 
replaced after sectioning. Note the hyperplastic nodules of lymphoid tissue scat- 
tered over the mucosal surface of the diverticulum. At the left is shown a bird’s 
eye view of the mucosal surface of the diverticulum after longitudinal section. 
The adenoma is shown in the lower half, bisected. The dark striations on the cut 
surface are engorged blood vessels. 

ently hyperplastic lymphoid tissue. The tumor, on cross-section, appeared solid 
and pink and had numerous threadlike blood vessels radiating from the center 
toward the periphery. Sections taken through the wall of the diverticulum showed 
that it had the coats represented in the ileum, and that the glands were of the 
tubular mucous variety found there, shown in figures 2 and 5. The only changes 
from the normal that were recognized were the presence in the mucosa of an 
unusually large number of capillaries, somewhat dilated and congested. In the 
submucosa there were dilated, thin-walled veins and lymphatics. The former were 
widely distended with blood. Sections of the tumor showed that it was composed 
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of many tubular glands lined with cuboidal cells, among which could be recognized 
the chief and parietal cells which are typical of the glands of the stomach and a 
few characteristic Brunner’s glands. The outer surface of the growth was covered 
with mucous glands. In the stalk or pedicle of the tumor there were dilated veins 
like those noted in the submucosa of the diverticulum. Further out in the tumor 
there were dilated capillaries filled with blood cells between almost every gland. 
.A. few red blood cells were found adherent to the surface of the growth. Figures 
3 and 4 show the section under low and high power magnification, with Brunner’s 
glands indicated at A. The growth, therefore, is a pedunculated adenoma com- 
posed of gastric and duodenal glands. 



Fig. 2.-LOW power photomicrograph of xte 'sTalk h^ ^ 

wall of the diverticulum as far as /I /I ' ^vith diverheu un, 

-cot: 

A „view of the li.erafurc to S'f >" 

castric and duodenal gland adenoma ol divcrticuh.u. 

1912 , Lecene^^fotmd^an^aden^^^^^^^^ covered ^uuth u,unt 


512 Lecene found an aaenuou. intari 

ii lay in the snbnn.cosa and '"‘J ece.nhUny 
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•I-IS 

jit the apex of n ^Icckcl s divcrliculuni, siliuUcd in the subiiuicosii •nid 
musculavis. It presented ii piclnre of puncrciitic jtlunds, i)nt ceit.iin 
portions of the nodule were the seut of j^lunduhvr new jtrowth luisinj^ 
from the ducts and having the characteristics of adenoma. “One may 
see the large ducts lined with cylindrical epithelium hrancliing into 
a variable number of secondaiy ducts wiiicli arc very sliort and terminate 
in the large cul-de-sacs of adenomatous tissue." lie did not state 
whether the adenomatous portions of the tumor resenilded gastric or 



Fig. 3.— Low power photomicrograph of a cross-section through the adenoma 
taken at right angles to the axis of the pedicle. The entire periphery of the 
section IS covered with a layer of mucous glands. Mucous glands also appear at 
intervals through the central portion, forming dilated cystic cavities lined with 
columnar goblet cells. The many tiny round acini forming the bulk of the central 

part of the section are simple gastric glands. At A are shown groups of Brunner’s 
glands. 

intestinal glands. Other neoplasms which have been reported include 
polyps, lipomas, myomas, angiomas, myxomas, sarcomas, carcinomas 
and carcinoids, but none of these has bad gastric or duodenal elements 
111 them. There is no occasion for surprise that an adenoma of the 






Fig, 4 —Hfo-i -'.v. -| 

a*„o„a , Lowing a. A ».= „t 

s an at the left is a parietal cell with la acinus is lined with chief 

cell with larger granules in the cytoplasm. 


y ’^•V"-r?r 

si" '' ?*> 
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ig. 5. High power photomicrograph showing a fold of the niiico'a '’i the 
di\ erticulum containing an unusually large numher of cnjiillsrici. In sonic I'.'.ice', 
as at these are separated from the lumen onlv hv the thinnest of rncnif .’■an- o 
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gastric type should be found in this situation, Ijccausc Iietcrotojnc gastric 
and pancreatic tissue has frequently liecn noted in the diverticuluin, and 
adenomatous growths composed of these tissues have been found in 
other parts of the alimentary tract. In connection with external fistulas 
of the umbilicus, adenomas liavc been dc.scribed which usually are 
covered with mucosa of the intestinal type but sometimes arc covered, 
in whole or in part, with gastric mucosa, and even may have gastric 
gland adenomas within their central portion. It is our belief (and 
the belief of others) that Meckel’s diverticulum and these umbilical 
fistulas and pol)'ps are persisting remnants of the vitelline (omphalo- 
mesenteric) duct. We have wondered why these structures have 
sometimes contained apparentl)' hctcrotopic tissue, and in searching 
for an adequate hypothesis we have been compelled to review the 
whole question of alimentaiy heterotopia. We propose to discuss this 
question in a subsequent paper. 

CLINICAL FEATURES 

Bleeding from Peptic Ulcer of Meckel’s Divertienhnn . — The out- 
standing clinical feature of the present case, namely bleeding, merits 
some discussion, because bleeding from a Meckel’s diverticulum is usually 
associated with an ulcer of that embryonic remnant. This has been 
emphasized by numerous obsen'ers, and more recently the recorded 
cases have been reviewed and summarized by Aschner and Karelitz, 
Lindau and Wulfif and Greenwald and Steiner, the last named investi- 
gators, however, having included other lesions of Meckel’s diverticulum 
as well. By combining the tabulations of these three groups of observers 
with subsequent case reports, we have been able to list sixty-eight 
cases.^ They have been placed in two main groups, namely, the group 

2. We do not think that cases 8, 19, 32 and 37 in Lindau and Wulff’s list 
should be accepted. Cases 8 and 37 are self-explanatory on consulting their table. 
Case 19 (Taylor) was not found after careful study of his paper. Case 32 was 
not accepted because the pathologic process was found in a large congenital diverti- 
culum, whereas Meckel’s diverticulum, which was also present, revealed no 
pathologic process. We were unable to obtain the references for cases 20 and 21, 
but we accepted these. Zimmermann’s case is doubtful, because in his description 
an acute inflammatory process of the whole diverticulum is indicated, and it is 
possible that the ulcer might have resulted from this rather than from the more 
chronic localized lesion with which we are wont to associate peptic ulcer. For 
the same reason Hudson and Koptik’s three cases are probably doubtful, and they 
state this in their paper. Winkelbauer’s seventh case is also questionable as the 
bleeding may have occurred from the intussusception. Hess and Rosenblum’s case 
IS the same as case 2 of Abt and Strauss. Recently Borrmann reported a case 
of a large Meckel’s diverticulum, 66 cm. long, in a boy of 14 who died of intestinal 
hemorrhage. At autopsy, an ulcer was found in the intestine close to, but not 
at the opening of, the diverticulum. We therefore did not include this case. 



T/Mii.i: 1 . — Pcplic Ulcer oj Meckel’s Diver! iculinn. Mucosa Investigated 
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7 
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Absent 

Perforation at base of di- 






vcrtlculum; no gastric 
mucosa found 
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3903 
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51 

Present 

Ulcer near tip of diverticu- 
lum at margin of intes- 
tinal mucosa: gastric 
mucosa present ? 
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9 

51 

Absent 

Perforated nicer at base; 


gastric mucosa and pan- 
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Pre.sent 

Perforated ulcer at base at 




margin of gastric mucosa 
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51 
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Perforated nicer at base at 





margin of gastric mucosa 
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tric mucosa 
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gastric mucosa; eroded 
artery 
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Perforated ulcer near apc.v, 
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Iteeovery 
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Green 
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Died (operation, 
no autop.'y) 

Buclmcr 

1031 S I' 

Not .'tated 

Ulcer at border of ^astrle 
mucosa 

Iteeovery 

L i n fl a u and 
Wulir 

Case 1 

1031 15 M 

Absent 

Perforated ulcer near tip In 
normal mucosa; polyp 
contained gastric mucosa 

Died (operation, 
autopsy) 

Greenwakl and 
Steiner 

Case 1 

1931 13 wk. 31 

Present 

Perforated ulcer at base; 
gastric mucosa; correct 
preoperative diagnosis 

Died (operation, 
no autopsy) 

GreemvaM and 
Steiner 

1031 10 M 

.Absent 

Perforated ulcer at base; 
gastric mucosa 

Recovery 

Case 2 

Cobb 

1931 18 31 

Present 

Perforation near base at 
border of gastric mucosa 

Recovery 

Debre, Bopp 1031 17 mo. M 
and Semelalgne 

Present 

Ufeer at base uhleh bad 
perforated into trans- 
verse colon; Inflammatory 
reaction Immediately around 
it, but no general perito- 
nitis; diverticulum lined 
with gastric mucosa 

Died (operation, 
no autopsy) 

de VeraejoM... 

1932 5 31 

Present 

Perforation at base uitii 
surrounding zone of indu- 
ration: ulcer at border 
between gastric and 
intestinal mucosa 

Recovery 

Hudson and 
Koplik 

Case 13 

1932 6 31 

Present 

Perforation of diverticulum, 
with peritonitis; ulcer at 
junction of gastric and 
intestinal mucosa 

Pied (operation, 
no autopsy) 



Table 1. — Politic Ulcer of Meckel’s Dherticiihnii, Mucosa Investigated— Continued 





Age, 


Hemorrhage 


Result 

Author 


A'enr 

A'eiirs 

Sex 

by Rectum 

Comments 

lliicl.son 

Kopllk 

On sc 2 j 

and 

1932 

a 

F 

Present 

Perforation at base, with 
peritonitis; ulcer in intes- 
tinal mucosa at junction 
with gastric mucosa; resec- 
tion of diverticulum 

Recovery 

11 tidson 
Kopllk 
Case 31 

and 

1P32 

5 

AI 

Present 

Siemoid distended with 
blood; ulcer found on 
microscopic examination; 
gastric and intestinal 
mucosa 

Recovery 

AI a s 0 n 
Graham 

and 

1932 

0 3110. 

AI 

Present 

E.xcision of diverticulum; 
most of it lined with gas- 
tric mucosa; pancreatic 

Recovery 


tissue at tip; ulcer at 
border between gastric 
and intestinal mucosa, 
but involving tlie gastric 
mucosa 

JIcKceii ... 1932 33 Jl Present Ulcer near tip which had Kccovcr.v 

“ perforated and was adher- 

ent to ascending colon and 
surrounded with adhesions; 
diverticulum lined with 
intestinal mucosa 


Schaaf 1933 7 AX Present 


Vaughan and 1932 7 AX Absent 

Singer 


Eoudil and 1932 7 P Absent 

Marty 


Bloody peritonea] exudate; Recovery 
intramescnteric diverticu- 
lum CO cm. long running 
parallel to ileum; perfora- 
tion of diverticulum about 
midway close to mesenteric _ 
attachment of ileum; scfjtic 
mucosa lined distal two thirds 
of diverticulum; ulcer in 
gastric mucosa at site of 
perforation; correct pre- 
operative diagnosis 

Perforated ulcer near tip 
between gnstrie and intes- 
tinal mucosa, located in 
intestinal side 

perforated ulcer at tip; 
necrosis of mucosa at 
distal end; author states 
necrotic mucosa impresses 
k.'tm nc P-ntstrlc 


Bccovcry 


Died (operation, 
no autopsy) 


Total = 52 cases 


in which .he ...ucosn was e.an.ined Wtog 

group in which microscopic e.xam, nation of 
(table 2). There was no designation of s , 

of the patients were females, and p-^tients (ages not stated 

were males. The average age of ^ ^^3 per 

for two) was 10.4 years; forty-hvo m 
cent) and fourteen were between mi 

cn that a total of fifty-six, or 84.5 per , . ct Twcntv-oiie 

the first two decades of life. The oldest ^lie ulcer bad 

died, making a mortality of 30 peritonitis, -so that it is 

perforated, resulting m dift«se ^r sp ,„l,er 

not surprising to learn that fift ,,.itl^,!cer who died, fitteen 

words, of twenty-one patients in the g P preen 

died as a result of ecr (absent in ---en an 
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1, gastvic mucosa was microscopically identified. One of the seven 
excepted diverticula contained duodenal mucosa (]-cvre, Patel and 
Lepart’s first case) ; three others revealed normal intestinal mucosa 
(Winkelbauer, case 7, McKecn. and Denecke), and in three the 
character of the mucosa was doubtful (Gramcn, two cases ; Roudil and 
iMarty, one case). A correct preoperative diagnosis of ulcer of 
Meckel’s diverticulum was made in onl)' six instances, namely, in 
A. S. Jackson’s case, by the family physician. Dr. Ketterer (who 
also attended R. H. Jackson’s patient of several years previously) ; 
in the case of Peterman and Seeger; in case 2 of Shanon; in the 
case of Schwarz and Daly; in case 1 of Greenwakl and Steiner, and 
in the case of Schaaf . Aschner and Karelitz’s first case, Coleman’s third 
case and Brennecke’s fifth case were all diagnosed as “Meckel’s dir^er- 
ticuluin,’’ while Wolf son and Clunnan correctly diagnosed a case of 
acute Meckel’s diverticulitis. Lately Hudson and Koplik made a correct 
preoperative diagnosis twice (cases 29 and 32), and Faust did like- 
wise in his second case. The fact that almost four times as many 
cases of ulcer of Meckel’s diverticulum have been reported in the 
six years following Stulz and Worringer’s collection of fourteen cases 
in 1926 makes it evident that this condition is being more widely 
appreciated and physicians will therefore be l)etter able to recognize it 
preoperatively in subsequent cases. 

The ulcer usually resembles in structure the peptic ulcer of the 
stomach or of the duodenum. It is often situated at the border between 
the two types of mucosa and consequently near the base of the diver- 
ticulum. In a certain number of these marginal or border ulcers the 
lesion will be found in the end-zone of the normal mucosa, but the 
edge of the ulcer will extend to the line of division between the normal 
and the heterotopic mucosa. Sometimes the ulcer is found completely 
in the intestinal mucosa of the diverticulum, a short distance from the 
heterotopic area. In still other instances the ulcer is located entirely 
within the aberrant tissue, and therefore this type of ulcer may be 
found at or near the tip of the diverticulum. 

The bleeding in this group, when it occurs, appears usually as 
blood iimnixcd with mucus in the stools. This, together with the absence 
of a palpable mass, is considered a rather important differential point 
in distinguishing this condition from intussusception. In addition, the 
bloody stools are apt to be more frequent and greater in amount, 
rvhereas in intussusception one may obtain a history of only two or 
three small movements disclosing blood mixed with mucus or just 
some blood-stained mucus on the examining glove. Some of the patients 
m this group gave an account of repeated hemorrhages, preceded some- 
times by slight constipation and associated with vague generalized 
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alxldiniiial or pcriiimhilica! pains. Such episodes might occur over a 
relatively long or short period of time with intervals of months or 
wars between them. 'J'he signs may therefore var\’ considerably, but 
the histories in manv of the ca.ses indicated that the patients were 
moderatelv, if not acutely, ill, that they were sometimes strikingh 
anemic, and that when the hemorrhage was profuse or if perforation 
of the idcer had tal<en jjlacc, thc\' exhibited a certain degree of shock. 

T.MU.r. 2.— Peptic Ulcer of Meckel’s Dircrticnliim, Mucosa not luvcsligatcd 


.\iiilior 

leoi 

I.iiwcn 1P09 


.Tiickson, I?. II. Iim 
Scliroidor.. . 


Stiilz nnd 
W oringcr 
Ciiso 1 

Stulz nnci 
Woringcr 
Cnse 2 

.VhtnndStrii 
Cnsc 2 

Moore 

Cnse 2 


I’uss 1927 


-\kc, 

Ycnr Yciirs Sex 


21 


.M 

.VI 


llcmorrlingc 
by Rectum 

Xot stated 
Xot stated 


Comments 
Perforated ulcer 
Perforated nicer near base: 
eroded artery 


Cnse 2 

Slinnon. 
Case 2 


Schwarz and 1929 

Daly 

Walters and 19S2 

Wilkins 

Total = 16 cases 


191-t 

10 mo. M 

Present 

Perforated ulcer at tip: 

pcridiverticular abscess 

I92f 

10 .M 

Present 

fleer at base; eroded artery 

1025 

S .VI 

Present 

Pancreatic tissue at tip; 
ulcer at base; eroded 
artery: patient also had 
a duodenal nicer 

1020 

4 .VI 

Present 

Perforated ulcer at base 

1020 

11 mo. M 

Present 

Perforated ulcer at base, 
with abscess at site of 




perforation 

1920 

11 mo. M 

Present 

fleers at tip 

1920 

9 mo. M 

Present 

fleer at base 

1920 

3 mo. Xot 
stated 

Present 

Two uicers at base of large 
diverticulum, 3314 Inches 



long 

1927 

37 F 

Present 

Bleeding ulcer near fundus, 
extending to muscular coat 

1927 

43 .VI 

Present 

Perforated ulcer 

1923 

IS mo. F 

Present 

Perforating ulcer with at- 
tachment to bladder: 




correct preoperntive 
diagnosis 

1929 

14 mo. 31 

Present 

Perforated ulcer at tip 

1929 

s -VI 

Present 

fleer with large eroded 
nrterv at baser correct 




preoperatire diagnosis 

19S2 

20 31 

Present 

Perforated ulcer near base 


Kesult 

Rccovcr.v 

Recovery 

Died (autopsy, 
no operation) 
Recovery 
Recovery 


Died (operation, 
no autopsy) 

Died (autoiisj-. 
no operation) 

Recovery 

Recovery 

Died (operation, 

autopsy) 

Recovery 

Recovery 

Recovery 


Recovery 

Recovery 


Died (operation- 
autopsy) 


In those cases in which signs of an acute “rlincnt 

lacking, the situation is often 'f ,„av transform 

observation that acute lesions of Meckel 

a picture of relatively good condition and ue g cratio"- 

cL illness with signs tfrC sU 

one may find perforation o y r'angl- 
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Muidcn. 'i'lu'y rmplinsi/'cil tljc ilial Muldcii severe pain in tlie I<uvcf 
])aii of tlic nltilmneii. espeeially in eliilfiren, a'-'-ncialerl with riftidity, 
leukocytosis rind siyiis <il l)e!tinnit)(,' collapse or shock" should lead one 
to suspect a perforated MeckelV diverlicnhnn. 'J'hey pointed out that in 
acute appendicitis, o'- a rnle. the sit;n>- of acute ditVnse peritonitis from 
perforation are apt to develop only after severrd hours, perhaps a day. 
loIIowiniLr the initial .symptoms. 'I'he tendency to sponlanemis scalintt 
of the perforation of a Meckel's diverticnhmi is also mentioned hy them, 
In the discussion of nicer <if Mcclcers diverticnlnm, I'evre, I’atel 
and ]^’[)art emphasised the followim; points: I. A yonnj( man with 
a history of recent hemorrhajtes hy rectum followed liy a ])iclurc of 
acute peritonitis (at which time the surgeon is usually called) must 
alway.s make one sns])ici()ns of a perforated ulcer of Meckel’s diver- 
ticulum. 2. \Vith a history of hleedintJ of tmknown origin, one must 
never close an ahdomeu without searching for Meckel's diverticulum. 
•3. If one operates for intestinal licmorrhage and Meckel’s diverticulum 
ts found, it should he removed regardless of its outwardly harmless 
grossly normal appearance (this was certainly true in our case). 
In any case of gastro-infe.stinal hlcerling in infants or boys, when 
the cause is not determined, celiotomy .should be ])erformcd before the 
signs of acute disaster develop. 5. It is important to search for a 
■I eckel s diverticulum ns the possible cause of peritonitis of undetermined 
®^gin. 6. Finall}’, it is important to .seek a Meckel's diverticulum when 
tc opeiativc findings are not in accord with the jireopcrativc diagnosis. 

Mondor even goes so far as to state that in a ])roved case of acute 
appendicitis, if there has been a previous history of intestinal bleeding 
undetermined source, one should examine the ileum for a Meckel’s 
sh found, the diverticulum as well as the appendix 

heca ^^‘”oved. Wc arc not in agreement with this statement 
^use of the danger of spreading an otherwise localized peritonitis. 

0//;cr Thau Ulcer or Invagination of Meckel’s 
(tabl have found a number of instances in the literature 

conne ' bleeding from a Meckel’s diverticulum developed in 

yet it lesions not associated with ulcer or invagination, and 

tj'ue appeared as the presenting symptom. This is certainly 

d’verti 1 ^ report in this paper. There was no ulcer in the 

surface*^ f lining mucosa seemed to be intact. Even the 

"^^^ebste ° adenoma revealed no break in continuity. The cases of 
^rase 5\ ^ ^ Johnson, Abt and Strauss (case 3) and Brennecke 

aiucosa showed no interruption of the normal lining 

table 3 u- greater interest to us are those diverticula listed in 
caption of ^ revealed heterotopic tissue without macroscopic inter- 


mucosal continuity, in spite of the clinical occurrence 



TAitt.K 3. — McckcI's 


Ailtlinr 
Wctistor 


Krcnncokr. 

C’nFo 


Stern 

C'nfc IG 


Mnyo nnd .Tolinpon — 


Stone, J. ii. 


Al)t nnd StrnnFS, 
Cnfc 3 


Ron-nn.. 
Case 2 


Tisdnll. 


HiirtJne. 


Harrlneton 


Faust and Walters. . . . 


Hudson and Koplik — 
Case 2 

Hudson and Koplik — 
Case 15 


Hudson and Koplik... . 
Oase 16 


Hudson and Koplik... . 
Case 17 


Hudson and Koplik... . 
Case 18 

Hudson and Koplik... . 
Case 20 


Hudson and Koplik — 
Case 29 


Dhcriiculuin with Bleeding from Causes Other Than Peptic 
Ulcer or Inragiiwtion 


Are, 

Year Years Se.x 
IfD-l 12 K 

1013 2.1 .M 


1917 3 

1900 1.1 

1926 U mo. 

s 

1920 11 ino. 


1920 Not 
stated 


JI 


if 


Not 

tated 

M 


Comments 

liloody stooi once; diverticulum in 
left Inpulnnl hernia 

Kceurrent bleeding by rectum; diver- 
tlenlum fllicd with biood; mucosa 
thick, pale, redundant, firm; no ulcer 
noted; no acute Inflammation; no 
inicro.scopic report; preoperatire 
diagnosis of “iMcckci’s diverticulum” 

Repeated bloody stools; perforation 
of dlvcrticuium with ulcerative 
phlegmonous process of the whole 
dlvertleular wall; diffuse peritonitis 

Repeated bleeding by rectum; ileum 
thickened above nnd below diverticu- 
lum, which was swollen and 
edematous 

Bleeding; pancreatic tissue in wall of 
diverticulum; mucosa that of Ileum 


M 


192S 11 mo. JI 


192S 64 

1929 67 


31 


M 


1931 62 31 

1932 1% 31 

1932 2 mo. 

1932 10 

1932 6 

1932 13 mo. F 
1932 ^ 

1932 9% F 


31 


Repeated hemorrhage by rectum; 
large diverticulum, 18 inches long, 
in mesentery of intestine; no 
heterotopia or ulcer found 
Attacks of bleeding by reetum; at 
second operation diverticulum was 
found with perforation and a 
papilloma; cause of perforation 
not stated 

Slarkcd anemia; bloody stools; died 
of bronchopneumonia; large diver- 
ticulum in mesentery; gastric 
mucosa found but no ulcer 
Bleeding by rectum; myoma of diver- 
ticulum found 

Mass of intestinal coils matted down 
between bladder and rectum; in midst 
of these coils inflamed dlTerticulum 
was found with Perforations into 
several loops of intestine, bladder 
and rectosigmoid 

Recurrent bleeding by rectum; fibro- 
sarcoma at tip of 
measuring 9 by 7 b? 5 cm. and 
adherent to dome of bladder 
Bleeding diverticulum with 
rhage iSto lumen of adjacent intes- 
tine; no pathologic report 
Blood on rectal examination, o 
steucHorfrom fibrous cord^mng 

feTol'ileumrrSTf^tm^ 

S; /esectiSi of diverticulum 

fnfa*etrcTpX?y"xifav«fa«^^ 

in mucosa; no ulcer 

profuse hcmorrliaEc ^^?n^^iver' 
fric nnd 

Sceirein”derable recent hemor- 
rhage In all layers ^ 

Old and fresh S°°nt“o^mcscntcrr: 

diverticulum adherent tm^ diver- 

Ileum gn'trlc mucosa; 

ticuium by d^?,f=l??l'ntcrosfomy: 
fo^crpVerpc^i^- Xpnosis 


Result 

Recovery 

Recovery 


Died 


Recovery 


Died 

Recovery 


Recovery 


Died 


Recovery 

Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


Recovery 

(Improvcu) 

Recovery 


Recovery 




SCnVLUNGER-STOUT-MliCKEL’S DIVERTICULUM 


455 


Table 3. — hlccl’d's DirfrM'ciil'inii lwI/i Dltrding front Cnn.w Other Than Pcl^tic 
Ulcer or Invagimlion — Coiifniiit'tf 


.\utlior 

Year 

Age, 

Years Sex 

Comments 

Kesult 

Hudson nnd KopUV... . 
OftSC 32 

1032 

ny. F 

WccdlnK I'y icctusn; neutoly luflaincd 
diverticulum; gnstrlc mucosa; no 
ulceration; correct prcoporntlvc 
(ilagcosls 

llccovcry 

Vnust 

Case 1 

1032 

Ci 

M 

Frcvlou.s atlncTc ot pain In lower jmrt 
ol abdomen associated with diarrhea 
and several passages oi dark Mood; 
distended diverticulum with narrow 
neck; perforation Into bladder and 
sigmoid wall; abscess walled oft 
by surrounding loops ot Ileum 

Ilccovcry 

Faust 

Case 2 

iori2 

01 

M 

Several episodes of profuse hemor- 
rhage by rectum; then signs of ileus; 
diverticulum composed of Inflamma- 
tory mass ohstructlDg one of Heal 
loops; many adhesions from adjacent 
colls; correct prcoperntlvc diagnosis 

Recovery 

Stout and SchulUnecr 

1033 

10 

31 

Profuse hemorrhage; adenoma of 
diverticulum composed of gastric and 
duodenal glands; no ulcer found; 
mucosa Intact 

Recovery 


of bleeding, because they seem to lend support to our observations as to 
the source of the bleeding in our own case (J. B. Stone, Tisdall, Hudson 
and Koplik, cases 16, 20, 29 and 32). The case reports of Harting, 
J. B. Stone, and Faust and Walters indicate that certain tumors may be 
the source of bleeding from Meckel’s diverticulum. " In the remaining 
cases listed in table 3 there was also exhibited bleeding from pathologic 
conditions of the diverticulum other than ulcer or invagination. Here 
again, in this group, the associated symptoms fail to disclose any simi- 
ianty with the exception, perhaps, of abdominal pain. It appears, then, 
from the study of table 3, that bleeding can and does take place in 
processes other than ulcer or invagination of this embryonic remnant 
f even in the presence of grossly intact 

Bleeding from Invagination With or Without an Associated 
htnssusceptiom~A few cases (table 4) have been chosen simply to 

In of th H- ? “ connection with invagina- 

lon of the_ diverticulum into the intestine with or without an associated 
mtestmal intussusception. When bleeding results from invagination 
of the diverticulum alone, without any intussusception of the intestine 
proper, the bleeding may be attributed to the diverticulum, e pedX 
to the muco sa at the base of the diverticulum. specially 



AKiinrhs <ir si’ki'A-HV 


\Vr he -ilatf', (h('!<-f(<rt‘. t«t cniisiflcr tlu; Lfroiii) of eases of ulcer 
i tahlr . ! anfl 2) as a disliticf clitiical entity hecansc our own patient, 
iltsjila) ins; lunst of the siijns of hleediiu' ulcer of ^fcckc^s diverticulum, 
failifl to disclose any ulcer; the lesioti was an adenoma instead. That 
there have lieeti other instances in which the conditions simulated ulcer 
with hleeditii; is r'learly sliown in taldes 3 anrl d, Wc hclicve, then, 
that wiiereas ulcer is proh.ahly the conmif>nest cause of hlccding from 
Mr-chel’s diverticulum, there are rithcr jrathologic proces.scs of that 
emhryonic remnant which may produce a .similar jricturc. 

()t/n r Clii'.icit! Svii'.f louts (tud Siiiiis iii Coiiitcclioii 'vith Lesions of 
Mci-hfl's Pi:rrticttltiii!.--]t\ addition to the occurrence of hlccding. a his- 
lorv of a slowlv healing umhilicus or a persistent sinus at the umbilical 
region h.r a v.‘.rying time after birth may also have some sigmncance. 
X'arying iH-riods of con.^tipation associated with A-aguc, mdenne 
generarahrlominal or periumbilical jrains arc described in some of these 
eases. It has also been pointed out that persons with Meckel 
diverticulum are ajit to <li.sclo.se other anomalies, such ns ’P; " 
palate. <h-.x.rocardia. patent interventricular ^‘^Ptunr, men 
'xslropliy ..f tiK' hln.Wcr .-.ikI incompletely rotated cecum. Chns .e ^ 
at autopsv coiiRciiital .aiiotiialies m one third o us uionths 

Mechel's diverlieultun. Symptoms may develop ‘ ^ 

remain latent and .symptomicss Ihroiigliout 1 . 

from 2 to 3 per cent ol all -'Mf t”,. given ns lo.' 

i„ males as m females. aMiough • tHvcrticula slioivuig 

as 2:1 and as high as 0.1. Ul me s ) b ones were found 

peptic ulcers, all but uiiic certaiu aud four tpiest.ouahle cues 

'if is rare to find two or more ca.ses of Mechel s “‘j, jjjst, 

same family. It has been slated “ f' 5t°'^pe„dicitis. iior is tlf 
the pain is not so sudden or so “J” “ ' J 

vomiliugsoeoustaul or Jp'dy activity and c,ver..on, 

diverliciilitis often starts during a pc o _ at 

while acute appendicitis frequent y ; p,.obably reiidcns it 

ft. Its position among the “''^/.'^'^ Sthe process ordinarily 
fore daiigcrous Ihan acute append.cit s, count is 

rf to Lcoiiic localised 

often elevated, v ' . „j„a|iy splinted m the " 

The alidonien may f „,,i,„os appreciate a palpal* 
ileocecal regions. One ma) 
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not usually, unless tlicre is an associated inlusstisceplion or an indamma- 
tory mass with abscess formation. In determining the presence of a 
mass or a collection of exudate the rectal examination may furnish some 
information. Finally, one should note any abnonnalily of the uml)ilical 
cicatrix and the presence of melcori.sm around the region of tlic 
umbilicus, as well as any evidence of the anomalies previously mentioned. 

With the passage of time, clinicians, especially pediatricians and 
surgeons, will become more impressed with the fact that a Meckel’s 
diverticulum may be a cause of obscure abdominal symptoms, ])articU' 
larly in connection with bleeding, and even of acute abdominal condi- 
tions of undetermined origin, and therefore its existence will be dis- 
covered in the course of exploratory celiotomies more frequently. An 
illustration of this point is brought out by Baker, who, in 1930, found 
four cases of Meckel’s diverticulum in the course of 150 laparotomies 
performed in a period of three months. Contrast this with McGlannan’s 
observation, in 1922, that Meckel’s diverticulum had been noted only 
three times in about 1,400 abdominal operations. 

The general pathology of Meckel’s diverticulum and its embryology 
have been thoroughly set forth by such authors as Fitz, Halstead, 
Eisendrath, Gray, Cheyne, Keith, Hilgenreiner, Cullen, Tillman, 
Waegeler, and Kelly and Hurden, and the reader who may be interested 
in these phases of the subject will find appropriate bibliographies at the 
close of the present paper. 

In general, operative intervention is usually indicated because of the 
frequent existence of an acute abdominal condition. When the patient is 
very sick, it is better to temporize an hour or two in an effort to 
institute certain preoperative supportive measures. The operative pro- 
cedure naturally depends on the lesion that is found. It would seem to 
be wiser to remove the diverticulum, provided one is not pressed, for 
time and provided that its removal will not produce too much damage 
to the surrounding viscera and possibly favor a spread of infection 
if this is present. The mortality in the patients with acute inflam- 
matory lesions was 40 per cent. In the patients in whom intus- 
susception was caused by the diverticulum, the mortality was 60 per 
cent according to Gray and 68 per cent according to Halstead. In 
infants under 1 year of age in whom the diverticulum became acutely 
inflamed and was removed, the mortality was 100 per cent. The mor- 
tality in the group with ulcer was 30 per cent. 

SUMMARY 

W’c have reported an apparently unique case of Meckel’s diverticulum 
in which the mucosal surface near the tip was the site of a nonulcerated 
pedunculated adenoma composed of gastric and duodenal glands 
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’'I- i; 


/n;t; !v,y,iiiiKatio» ftj Mcchd's Dhcrticulum 
JfSiKuUi’d If.tussmcct'tion 


.v-rv-..- 

t f 51 ; . 

tV.f ',- " 

\Vn!!iHrir(it,. 

I't'ti'on. . 

Ttity, , . 

Ztim Iiii‘cJi.. . 

Housquet 

mzr 

R/cfitcr 

Cnse £ 

Coirey 

Bidncll 

Kotlic 

Cnsc 1 


5.- ,5 

i ’■ *' 

r Ifc 

n 

s i 

f!?(i.i<lv d!lTij«e colon harllhi‘ 

liivarinntlon of liiverficu- 
Inin ultli nil ll/’nl /ntii<'U«re(iIiofi; 

fc'rctlon of fnfiii-su.'ciii- 

tioti nti'l ditcrtfcilfiim 

Result 

Died 

!“• - 

;.t.. 

r 

by rrrtiim; Invagination of 
divi rtlndiiin with Intussusception 
of Icrminnl iiciiin 

Died 


1 

.^l 

li.’oo.l in stools; ntxloininiil pain; 
tomlf/ng: tirr.'s«ory pancreas at tip 
of l!ivacliint<'fl dlvcrtlciiliiin: Ilco- 
lo nt lntus‘U‘'rci)tlon; resection 

Recovery 

Ji- .. 


M 

.Ui</oriiinnI pain; distention: a little 
Wood In rncinn; enteric Intussusccp- 
tl»;i t Inch*-.!* long, with invaginated 
•Ilvrtlciilum; Intussusception re- 
<li;rii|, (llvcrtlculum c.relscd 

Died 

P.'O 

P 

M 

Blood In stool; ll-nl intussusception 
tilth Invaginated illvcttlculnm at 
nii-x: resection 

Died 

poj 



Bb cdlng by rectum; invaglnnllon of 
illvrrtleuliim tilth ileal Intussuscep- 
tlvn: excision of diverticulum 

Recovery 

K«>.' 

i; 

•M 

Bl.v.llng l.y reeliim; invagination of 
divert ieuluin iiith intussusception of 
lieimi; Kilactloa; cxcleloa of 
ilivertieuliim 

Recovery 

1 ?■■■.: 

i'.i 

.M 

I’lilii; vomiting; blood ami mucus by 
rectum; Ileocecal tatiissusceiitlon with 
Invaginated divcrticuium at apex; 
resection 

Eecovery 

ir<i3 

12 

.If 

Blood in stool; Ileal Intussusception 
tilth invaginated divcrticuium at 
apc.x: reduction; excision of 
diverticulum 

Itecorery 


21 

.M 

Bloody stools: invaginated dirertieti- i 
lum at npc-x of Ileocecal Intussuscep- 
tion; subscrous lipoma at tip of the 
diverticulum; resection 

Recovery 


IWt 


IPOil 


IPOG 


190T 


1907 


X90S 




c 


s 


7 


354 


23 


Jf 


P 


ai 


M 


M 


ai 


Ufstory of attncks of abdominal pain 
and blood In Btool; palpable mass in 
rifrtit lower quadrant in last three 
nftaclis; Ileocecal Intussusception with 
dlrcrticulum at apc.v; reduction; 
exclsloa of direrticulum 


Blcedinp bv rectum; pancreatic tissue 
at tip ot diverticulum which was 
invacinated and produced an ileo- 
cecal intussusception; reduction: 
resection of diverticulum and 
adjacent ioop of intestine 

Abdominal pain; bloody mucus by 
rectum inter; ileocecal intussuscep- 
tion with diverticuiura at apes; 
reduction; excision of diverticulum 
BIstory ot Wood by rectum; ileocolic 
intussusception with invaginated 
diverticulum at hepatic flex'ure; 
resection 


Bleeding by rectum; intussusception- 
reduction; recurrence of symptoms, 
invaginated diverticulum at apex or 
ileal intussusception; resection 


fistory of abdominal pain, vomit- 
ig, no bowel movement; bloody 
tool following rectal ex'aminapon 
fter induction of spinal anestiiesia. 
eoeecal intussusception 
culum at apex; resection; xiurpui 
iitton 


Recovery 


Pied 


Pied 


Eecovery 


Eecovery 


Eecovery 



Table A.—Somc Cases of Bleeding jrom Invaginalion 0} Mfckel's Dtrcrhcnium 
With or Without an Associated Intussuscettion— Continued 


Author 


Kothc 

Case 2 


Gray.. 


Arc. 

Tear year? Kcx 
1003 7 uio. M 


IDOS 


GoimnrnlP 

Voiiiltim.': ilifiti'ntioii; hioo.l ill I'lu iiin 
rpfurn; finnll naocfisory iiniicrciis at 
tip ot InvnKinatcd (llvcrllciihmi 
which Jonnnl the apex ol an ileo- 
colic InliiPFiiFCcplIon; refection 
Itlooit In ftool; InvaRlnated dlvertlen- 
him at apex of Ileocecal Inlufsiifcep- 
tlon; partial reduction; refection 


Hesnll 

IMcd 


Wed 


Drummond 

Oase 1 

1912 

5 

>1 

Abdominal pain: Weeding by recluni; 
Heat Intiissiiscepllon with diverticu- 
lum at apex; reduction; exclflon of 
diverticulum 

Recovery 

Drummond 

Case 6 

1912 

29 

M 

Repented nttnck.s of pain In lower 
part of abdomen; largo amount of 
blood by rectum with Inst attnek; 

Ileal Intu.ssHsccptlon with diverticu- 
lum at apex; resection 

Died 

Brenncckc 

Case S 

1913 

S 

Jf 

Atlack.f of abdominal pains, vomit- 
ing, and bloody stools; ileal Intus- 
susception with diverticulum at apex 

Recovery 

Brennecke 

Oase 4 

1913 

9 mo. 


Bloody stools; llcoccenl Intussuscep- 
tion with diverticulum and appendix 

In Intussusceplum; resection 

Died 

Dourifiz 

1022 

IS 

M 

Abdominal pain, vomiting; blood In 
stool once; Invagination of diverticu- 
lum In Ileum; resection 

Died 

Stone, E 

1923 


M 

Bloody stools unmlxed with mucus; 
gastric mucosa at tip of Invaginated 
diverticulum; no Intussusception; no 
ulcer of diverticulum found 

Recovery 

Schlutz 

1926 

3 mo. Not 

Slight Weeding by rectum: Deal Intus- 

Died 


Montgomery 

1928 


F 

Shanon 

Case 1 

1928 4% mo, F 

Doolin 

1929 

44 

M 

Christopher 

1930 

9 mo. 

M 

Hudson and Koplik... . 
Case 5 

1932 

7 wk. 

11 

Hudson and Koplik.... 
Oase 8 

1932 

Wit 

11 

Hudson and Koplik.. . . 
Case 9 

1932 

7% 

F 

Hudson and Koplik... . 
Oase 21 

1932 

% 

M 

Hudson and Koplik... 
Case 22 

1932 

IS: 

M 

Hudson and Koplik... 
Case 27 

1932 

35i 

It 

McCann.. 

1932 

c 

H 


stated susccptlon contnlnlnir a diverticulum, 
which was acutely Inflamed and 
ulcerated; resection 

Two bloody stools; ileal Intussuseep- Died 
tioa with diverticulum ot apex; 
reduction; excision of portion of 
diverticulum 

Freouent bloody stools; Inverted Wed 
diverticulum with an Ileal intussus- 
ception; resection 

BIcedinc: by rectum: ileocolic intus- Recovery 
sHsception with perforated Invagi- 
nated diverticulum at apex; 
resection of Intussusception and 
diverticulum 

Blccdinj? by rectum; ileocecal intus- Died 
susccptlon with diverticulum at apex; 
reduction; diverticulum not excised 

Blood in stool; ileocolic intussuseep- Recovery 
tion with diverticulum at apex; 
reduction; excision of diverticulum 

Bleeding by rectum; Ileocolic intus- Recovery 
suscention with diverticulum at apex; 
reduction; excision of diverticulum 

Blood in stool; ileocolic intussuseep- Recovery 
tion with diverticulum at apex; 
reduction; excision of diverticulum; 
gastric mucosa In diverticulum 

Blood by rectum; ileocecal intussus- Died 
caption with diverticulum at apex; 
reduction; excision of diverticulum; 
gastric mucosa in diverticulum 

Bleeding by rectum; lleo-ileocollc in- Recovery 
tussuception with diverticulum at 
apex; reduction; dlvcrticulostomy 

S’^°r?.cr‘" ■ 

obstruct , ina. 

tion ot gas- 

tric mucosa present in diverticulum 

Histo^’ of bleeding by rectum: con- Recoverv 
stipation; pain In lower part of ‘ 

abdomen; invaginated diverticulum 
m lower part of Ileum; excision - 
diverticulum lined with duodenal 
mucosa: pancreatic tissue found 
in muscle layer 



.tKddrii.s (>l- Sl'IUiliRY 


‘ «"• fli.’it .•<ci‘<-rc ;(C(/{c .sTdipioms mc/ac/- 

Jf);: '-IniMtti.i! .-ui.} I.!n-4ini: tfic rccliitn, timnixcd with nuicus, 

tu:n .K-nn ni i.-rs..,,. ^-ith MvcUvl's -livcrtiniliitn without any evi- 
u<tui t>{ invai.'inatiiiii, iri(ii‘'Sti‘-(r|)iinti ur nla-ration. 

In tiiK r;iM'. as in srvrral prcvionsly rcjinrtcd (tahlc 3), there was 
!! »< (Otiiji.t, tissiif in (lie i{i\e-itic'Mluni, Imt the sotirt'e of the bleeding' 
i>>n!d ji'i, hr di'trniiin«v| cither at operation or niicroscopicalK'. It is 
reasntiahle to suppose, lunvever. that it must have conic from the 
divi rticnliim. since hen)orrha,£,'<- <h’d not reenr after its rcniova! (three 

years' lnhou'-tip). 

lifeanse »»nr patient. foi;ether with others (table 3), ex'hibited symp- 
fotijs .similar to those recorded for the ttronp who had bleeding associ- 
ati-il U'ifh nicer ot a McckcI's divcrlkitlitni. lec believe that the latter 
conditioti cannot he oiiisidered as a clinical entifv. 

Search for a .Meckel's divertienhim should alwavs be wade when 
there is tiiieNplained Iileeding (»y rectum or peritonitis of undetermined 
origin, or when the operative lindings are not in accord with the clinical 
diagnosis. 'I'he indication is to remove the divertienhim even though 
it may appear harmless, because the mortality is high after perforation 
or after acute pathologic processes set in. 'i'he mortality in thirty-five 
cases of perforated ulcer of .Meckel's dii'crticiihim was 42,5 per cent. 

-A person with a lesion of .^fecke^s diverticulum, especially if the 
lesion is bleeding pcjitic ulcer, may pass from a state of relatively good 
health to one of acute illness, collapse and shock with amazing rapidity. 
Sudden severe pain in the lower part of the abdomen with rigidit)', signs 
of difl’using peritonitis, fever and Jeukocjdosis, especially in children, 
should lead one to suspect a perforated Meckel’s diverticulum. 

Crvptic intestinal bleeding should always constrain one to suspect 
a Meckel’-s dix'erticuluin as a possible source. 


BILIOGRAPHY 

PnPTIC ULCER OF MECKEL S DIVERTICULUM 
JrUCOSA INVESTIGATED 

Deiieckc: Deutsche Ztsclir. f. Cliir. 62:523, 1902. 

Hilgcnreiner, H. : Beitr, z. Win. Chir. 40:99, 1903.- 
Deetz, E. ; Deutsche Ztschr. f. Chir, 88;4S2, 1907. 

Hiibschmann: Munchen. ined. Wchnschr. 60:2051, 1913. 

Callender, G. R. : Am. J. M. Sc. 150:69, 1915. 

Gramen, K.; Nord. med. Ark. 48:1, 1915. 

Meulengracht, E.: Virchows Arch, kpatk Anat. 225:125. 19 • 

Miiller, P. F.: Beitr. z. klm. Chir. 115:560, 1919. 

Megevaud, E., and Dunant, R.: Rev. de ch.r. 60:536, 19-2. 

Brasser, A.: Zentralbl. f. go . 349 i9?4 

Guibal, M. L.: Bull, et mem. Soc. nat. de chir. 50.349, - 



.sX7/r/././.V(;/;7v’-\7 T—MUCKliL'S 




^61 


Humbert, Y.: Aim. d'anat. imtli. 1:521. 1924. 

Pascalc, G.: Ann. ital. t!i cliir. 4:965, 1925. 

Ulrich, G.K.: Ugesk. f. better 87:o64, 1925. 

Abt, 1. A., and .Strauss. A. A.: Meckcl’.s Divcrticulmn as a Cause of Intestinal 
Hemorrhage, J. .\. M. 87:991 (Sept. 23) 1926. 

Etchegorry, J. : Ann. I'ae. de ined., Montevideo 11:621, 1926. 

Biichner, F.; Veroffenll. a. d. Kriegs- u. Konst. Path., Jena, Gustav Fischer, 

Section 4 (IS), 4:73, 1927. 

Gramcn, K. : Nord. Kir. Forenings iM'irhandl., 1927. 


Jackson, A. S. : Ann. Surg. 85:252, 1927. 

Klcinschmidt, K. : Bcitr. z. klin. Chir. 138:715, 1927. 

McCalla, A. I.; Canad. M. A. J. 17:79, 1927. 

Hartgla.ss, M.: Bull, ct mem. Soc. nat. de chir. 54:1091, 1928. 

Meiss, W. C: Ncdcrl. tijdsclir. v. gcnecsk. 72:4020, 1928. 

Peterman, M. G., and Seeger, S. J.: Meckel’s Diverticulum with Hemorrhage, 
Am. J. Dis. Child. 36:515 (Sept.) 1928. 

Franke, A.: Arch. f. klin. Chir. 157:131, 1929. 

Treplin, L. : Miinchen. mcd. W'chnschr. 76:263, 1929. 

Winkelbauer, A.: Wien. klin. Wchnschr. 42:989, 1929. 

Aschner, P., and Karelitz, S. : Ann. Surg. 91:573, 1930. 

Fevre, M.; Patel, M., and Lepart; Bull, ct mem. Soc. nat. de chir. 56: /ad, 1930. 
Green, D. A.: Internat. S. Digest 10:259 (Nov.) 1930. 

Schmidt, L. ; Klin. Wchnschr. 9:1523, 1930. 

von Haberer, H. : Deutsche Ztschr. f. Chir. 225:131, 1930. 

Biichner, F. Die Pathogenesc der peptischen Veranderungen, Jena, Gustav 
Fischer, 1931. 

Cobb, D. B.; Ann. Surg. 94:256, 1931. 

Debre, R. ; Boppe, H., and Scinelaignc, G. : Bull. Soc. de pediat. de Paris 29:402, 


1931. 

Greenwald, H. M., and Steiner, M. ; Meckel’s Diverticulum in Infancy and in 
Childhood, Am. J. Dis. Child. 42:1176 (Nov.) 1931. 

Lindau, A., and Wulff, H. : Surg., Gynec. & Obst. 53:621, 1931. 

Hudson, H. W., and Koplik, L. H.: New England J. Med. 206:827 (April) 1932. 
Mason, J. M., and Graham, G. S. : Ann. Surg. 96:893 (Nov.) 1932. 

McKeen, H. R. ; Colorado Aled. 29:258 (June) 1932. 

Roudil, G., and Marty, J. : Bordeaux chir. 3:179 (April) 1932. 

Schaaf, G.: Deutsche Ztschr. f. Chir. 238:78 (Nov.) 1932. 

Vaughan, R. T., and Singer, H, A.; Ann. Surg. 96:230 (Aug.) 1932. 
de Vernejoiel, R. : Provence medicale, abstr,. Arch, de med. d. enf. 35:293, 1932. 


PEPTIC ULCER OF MECKEl’s DIVERTICULU 
JIUCOSA NOT INVESTIGATED 

Brentano: Sitz. Protok. Freie Vereinig. d. Chir., Berlin. 3:4, 1904. 

Lawen, A.: Miinchen. med. Wchnschr. 56:478, 1909. 

Griffith, J. P. C: Tr. Am. Pediat. Soc. 26:211, 1914. 

Jackson, R. H.: Ann. Surg. 80:222, 1924. 

Schreuder, O. ; Zentralorgen f. d. ges. Chir. 30:490, 1925. 

Abt, I. A., and Strauss, A. A. : Meckel’s Diverticulum as a Cause of Intestinal 
Hemorrhage, J. A. M. A. 87:991 (Sept. 23) 1926. 

Hess, J. H., and Rosenblum, P. ; M. Clin. North America 9:1577, 1926. 

Stulz, E., and Woringer, P. ; Ann. Surg. 83:470, 1926. 



462 


ARCHIVES OF SURGERY 


Mol!, H. H.: Brit. J. Surg. 14:176, 1926-1927. 

Fuss, H. : Deutsche Ztschr. f. Chir. 199:336, 1927. 

Kleinschmidt, K. : Beitr. z. klin. Chir. 138:715, 1927. 

Shanon, W. R. : Arch. Pediat. 45:693, 1928. 

Schwartz, E. G., and Daly, J.: Meckel’s Diverticulum Associated with Severe 
Hemorrhage, J. A. M. A. 93:1468 (Nov. 9) 1929. 

Smith, J. T., and Hill, O. W.: Arch. Pediat. 46:502, 1929. 

Walters, G. A. B., and Wilkins, E. G.: Lancet 2:1430 (Dec. 31) 1932, 


Meckel’s diverticulum with bleeding from causes other 

THAN PEPTIC ULCER OR INVAGINATION 

Webster, R. E. : Ann. Surg. 35:503, 1902. 

Brennecke, H. A. : Surg., Gynec. & Obst. 16:200, 1913. 

Stern, K.: Deutsche Ztschr. f. Chir. 140:343, 1917. T.f»cf:nnl 

Abt, I. A., and Strauss, A. A. ; Meckel’s Diverticulum as a Cause o 
Hemorrhage, J. A. M. A. 87:991 (Sept. 23) 1926, case 3 
Mayo, W. J.. and Johnson, A. C: S. Clin. North America 6:1127, 19-0. 
Rowan. C. J.: J. Iowa M. Soc. 16:240 (May) 1926. gy.ppj 

Stone, J. B’., discussion on paper by Abt and Strauss. J. 

(Sept. 23) 1926. 

Harting: Zentralbl. f. Chir. 55:2931, 1928. Intestinal Hemorrhage, 

Tisdall, F. F. : An Unusual Diverticulum as a Cause of Intest 

Am. J. Dis. Child. 36:1218 (Dec.) 1928. 

Harrington, S. W.i S. Clin. North An.«ica 9:126. IMS- • 

Faust, L. S., and Walters, W.; Minnesota Ifcd, 11.-33, IMl. 

Faust, L, S.; M. Clin. North America 15:1483 (May) 93 . 

Hudson, H. W, and Koplih, L. H.: Netv r a Case 

Schullinger, R. N., and StolR, A- P-. ,,£eckel’E Diverticulum tlist 

of Hemorrhage in the Bowel Assomated : Arch. 

Presented an Adenoma Composed of Oastn 
Surg. — 

bleeding from invagination of 

WITH OR WITHOUT AN ASSOCIATE 

Weill, E., and Frankel, B.: Bull. Soc. ^nat. de 

1 Steuienrauch. W.: — fs"-’ 

Brunner Cu j 2 . 1416 , 1899. 

Robinson, H " 31^^180 IPOO, case 3. 

Erdmann, J . . Ann. surg. " ' . 

Morrison, J. K.; I Z’is 3’ 1902. 

Wainwright, J. M.i Ann- Surg. 3S-3-. 

Dobsonl Lancet Itlldl, 1903. 

CLU SOC London lOtlld, 19» 
iTonsS ha Bull. e. rnenr. Sjc. de chir. dc Parts I.-. 

K: Aa c"' 9-Sd, 1903. 

Kothe. R.: Deutsche Ztschr. t. u 



sen VLUXCrliR-STO I rr-MJiCKHL’S Dl VHRTICI U. UM 


463 


Gray, H. T.: Ann, Snrg. 48:801, 1908. 

Drummond, H.: Am. ,1. Snrg. 55:404, 1912. 

Brcnncckc, II, A.: Snrg., Gyncc. & Ohsl. 16:200, 1913. 

Douriez, H.: Paris cliir. 14:214, 1922. 

Stone, E. ; Snrg., Gyncc. & Obst, 37:51, 1923. 

Sclilutz, F. W., discussion on paper by Abl and Strauss: J. A. M. A. 87:995 
(Sept. 23) 1926. 

Montgomery, A. 11.: S. Clin. North America 8:085 (June) 1928. 

Shanon, W. R. : Arch. Pediat. 45:59.3, 1928 (ease 1). 

Doolin, \Y.: Irish J. M. Sc. 1:299, 1929. 

Christopher, F. : S. Clin. North America 10:347 (April) 1930, 

Hudson, H. W., and Koplik, L. II. : New England J. Med. 206:827, 1932. 

McCann, J. C: New England J. Med. 206:1089, 1932. 

GENERAL PATHOLOGY OF MECKEL’s DIVERTICULUM 

Aleckel, J, F. : Handbuch dor pathologischen Anatomie, Leipzig, C. H. Rcclam, 
1816, vol. 1, p. 533, 

Rokitansky, C. F. : Lehrbuch der pathologischen Anatomie, Vienna, W. Brau- 
mtiller, 1855-1861, p. 182. 

Fagge, C. H.: Guy’s Hosp. Rep. 14:359, 1868-1869. 

Coupland, S.: J. Anat. & Physiol. 10:017, 1875-1870. 

Fitz, R. H.: Am. J. M. Sc. 88:30, 1884. 

Maroni, A.: Virchow-Hirsch, Jahresb. 2:515, 1887. 

Holt, E.: M. Rec. 33:431, 1888. 

Genersich, A,; Virchows Arch. f. path. Anat. 126:485, 1891. 

Clarkson, G., and Collard, F. S.: J. Anat. & Physiol. 26:444, 1892. 

Kelynack, T. N.; J. Anat. & Physiol. 26:555, 1892. 

Buchanan, A. M.: J. Anat. & Physiol. 29:559, 1894. 

O’Conner, E. M. H.: Brit. M. J. 2:123, 1894. 

Richardson, W. G.; Quart. J. Med. 3:267, 1894-1895. 

Beach, H. A. A.: Ann. Surg. 24:484, 1896. 

Pollard, B.: Tr. Path. Soc. London 47:47, 1896. 

Ewald: Berl. klin. Wchnschr. 34:169, 1897, 

Kiittner, H.: Beitr. z. klin. Chir. 21:289, 1898. 

Thompson, J. E.: Ann. Surg. 27:448, 1898. 

Bayer, C: Centralbl. f. Chir. 27:1138, 1900. 

Hohlbeck, O.: Arch. f. klin. Chir. 61:1, 1900. 

Wright, J. H.: J. Boston Soc. M. Sc. 5:497, 1901. 

Fried; These, Erlangen, 1902. 

Halstead, A. E.: M. Rec. 62:849, 1902. 

■Ann. Surg. 35:471, 1902. 

Hubbard, J. C.: Ann. Surg. 35:495, 1902. 

Corner, E. M.: Ann. Surg. 38:712, 1903. 

Hilgenreiner, H.: Beitr. z. klin. Chir. 40:99, 1903. 

Lentz; Deutsche med. 'Wchnschr. 29:5, 1903. 

Zirmnermann: Deutsche med. Wchnschr. 29:6, 1903. 

Bunts, F. E.; Ann. Surg. 40:536, 1904. 

Carwardine, T.; Lancet 1:505, 1904. 

Cbeync, W. W.; Ann. Surg. 40:796, 1904. 

Kelly, H. E., and Hurden, E.; The Vermiform Appendix and Its Diseases, Phila- 
delphia, W. B. Saunders Company, 1905, p. 594. 



464 


ARCHIVES OF SURGERY 


Porter, U. : Abdominal Crises Caused by Afeckel's Diverticulum, T. A AI A 
45:883 (Sept. 23) 1905. 

Deve, F. : Normandie med. 21:169, 1906. 

Gibson, C. L.: Ann. Surg. 43:299, 1906. 

Hiklebrandt: Cliarite-ann. 30:442, 1906. 

Turner, P. : Guy’s Hosp. Rep. 60:279, 1906. 

Winslow, R.: Am. A-Ied. 1:485 (Nov.) 1906. . 

W'oolsey, G.: Ann. Surg. 43:764, 1906. 

Brewer, G. E.: Ann. Surg. 46:309, 1907. 

Gerrish, F. H.; Surg., Gynec. & Obst. 5:72, 1907. 

Denuce, M.: Rev. d’orthop. 9:1, 1908. 

Ewing, D. A. : Inflammation of Meckel’s Diverticulum Simulating Appendicitis, 
J. A. M. A. 51:2060 (Dec. 12) 1908. 

Gebele: Miinchen. med. Wchnschr. 55:1236, 1908. 

Gray, H. T.: Ann. Surg. 48:801, 1908. 

Eisendrath, D. N. : Ann. Surg. 50:1278, 1909. 

Peck, C. H. : Ann. Surg. 49:134, 1909. 

Van Sweringen, B. : Surg., Gynec. & Obst. 8:405, 1909. 

Balfour, D. : Collected Papers, Mayo Clinic, Philadelphia, W. B. Saunders Com- 
pany, 1910, p. 272. 

Eisendrath, D. N.: Surg., Gynec. & Obst. 10:553, 1910. 

Halstead, A. E. : Surg., Gynec. & Obst. 10:103, 1910. 

Keith, Arthur: Brit. M. J. 1:379, 1910. 

Ochsner, A. J. : Surg., Gynec. & Obst. 10:102, 1910. 

Burman, C. E. : Surg., Gynec. & Obst. 13:443, 1911. 

Elliot, E., and Corscaden, J. A.: Ann. Surg. 53:169, 1911. 

Aliihsam, R. ; Berl. klin. Wchnschr. 48:1089, 1911. 

Turner, P. ; Guy’s Hosp. Rep. 65:33, 1911. 

Drummond, H. : Ann. Surg. 55:404, 1912. 

Kaseme3mr, E. : Deutsche Ztschr. f. Chir. 118:205, 1912. 

Lecene, P. : Bull, et mem. Soc. anat. de Paris 14:59 and 63, 1912. 

Mej'er, A.; Deutsche Ztschr. f. Chir. 113:346, 1912. 

Hertzler, A. E., and Gibson, E. T. : Am. J. M. Sc. 146:364, 1913. 

Waegeler, H. : Frankfurt. Ztschr. f. Path. 14:267, 1913. 

Wellington, J. R. : Surg., Gynec. & Obst. 16:74, 1913. ^ ri, •. i i i ’n 

Cullen, T. S. : EmbryologJ^ Anatomy and Diseases of the Umbilicus, Pluladclp u. , 

W. B. Saunders Company, 1916. 


Garratt, J. R. : Brit. M. J. 1:645, 1918. 

Graham, R. : Canad, M. A. J. 8': 966, 1918. 
McDonald, A. L.; Journal-Lancet 38:259, 1918. 
Bennett, R. A.: Lancet 1:1117, 1919. 

Symmers, D.: Ann. Surg. 70:183, 1919. 

Borden, D. L. : Meckel's Diverticulum ; Report of a 



Higl2^F.,lnd sfewart, J. W.: Acute Pc^o'-ation of .Meckel’s Divert .culum 

Foreign Body (Fish-Bone), J. A. A. 74:13// (May IS) - • 

Colev W. B., and Fortuine, S. T. : Ann. Surg. 73.r)'. 

Crymble, P. L: Brit. J. Surg. 9:304, 1921-1922. 
uXcok, S. L.: Brit. J. Surg. 10:298, 1922-1923. 

Warwick, W. T.: Brit. M. J. 

Drew, D.: Brit. J. Surg. 11:190, 19_3-19_4. 



SCI IVUJXGllK-STCnn— MUCK I-L'S DiniKTJCVLUM ‘Vo 


Brocliiax, J. \V.: Sciatic Hernia: Rciiort of a Case of Hernia of Meciccl'.s 
Divcrliculnm ThrouRlt the Greater Sciatic loiratnen, J. A, M. A. 82: •HO 
(Pel). 9) 192-^. 

Gilruth, J. D.: iLilinhiirgh M. J. 31:265, 192-1. 

Lanman, T. H.: Boston M. & S. J. 190:926, 192*1. 

Litllcr, R. M.: Brit. M. J. 1:517, 192-1. 

Obcrling, C. : Bull, cl mein. Soc. anat. tic Paris 21:271, 192-1. 

Qiristophcr, F. : Internal. Clin. 1:67, 1925. 

Coley, B. L. : Tuhcrcnlosis of Meckel’s Divcrticnlinn Associated with Tubercu- 
lous Appendix, Arch. Surg. 11:519 (Oct.) 1925. 

Lower, \V. £.: Ann. Surg. 82:436, 1925. 

Mathews, F. S.; Meckel’s Diverticulum: A Report of Twelve Cases, Including 
One Tumor, Arch. Surg. 10:720 (March) 1925. 

Schaetz, G. : Bcitr. z. path. .'\nal. u. z. allg. Path. 74:115, 1925. 

Coleman, R. C: J. Iowa M. Soc. 16:238 (May) 1926. 

Eckhoff, N. L.: Guy’s Hosp. Rep. 76:429 (Oct.) 1926. 

Harrington, S. W. : M. Clin. North America 6:1188, 1926. 

Koch, W., in Henke, F., and Lubarsch, O. : Handbuch dcr spczicllcn pathologischcn 
Anatomic und Histologic, Berlin, Julius Springer, 1926, vol. 4, p. 175. 
Stewart, M. J., and Taylor, A. L.: J. Path. & Bact. 29:135, 1926. 

Barney, L. F.: Internal. Clin. 3:139, 1927. 

McEuen, C. S.: Lancet 1:436, 1927. 

Palmen, H. J.: Acta chir. Scandinav. 62:310, 1927. 

Shaw, W. C.: Atlantic M. J. 30:279 (Feb.) 1927. 

Sichel, M. S. : Minnesota Med. 10:198 (March) 1927. 

Taylor, A. L.: J. Path. & Bact. 30:415, 1927. 

Berry, J. A,: Brit. J. Surg. 15:331, 1927-1928. 

Finny, Q M.: Brit. J. Surg. 15:329, 1927-1928. 

Caldbick, S. L.: S. Clin. North America 8:1341 (Dec.) 1928. 

Hunter, W. C. : Perforated Gangrenous Meckel’s Diverticulum in a New-Born 
Infant: Report of a Case, Am. J. Dis. Child. 35:438 (March) 1928. 
Kugelmeir, L. : Beitr. z. path. Anat. u. z. allg. Path. 80:682, 1928. 

McDonald, L: Brit. M. J. 1:442, 1928. 

Mclver, M. A.: New England J. Med. 199:453, 1928. 

Sherry, L. B. : S. Clin. North America 8:1511 (Dec.) 1928. 

Guibal, A.; Fayot, G., and Henriet, P. : Arch. Soc. d. sc. med. 10:543, 1929. 
Harrington, S. W. : S. Clin. North America 9:126 (Feb.) 1929. 

Edwards, H. : Brit. J. S. 17:7, 1929-1930. 

Evans; Brit. J. S. 17:34, 1929-1930. 

Yates, H. B.: Brit. J. S. 17:456, 1929-1930. 

Bettman, R. B.; S. Clin. North America 10:363 (April) 1930. 

McGlannan: Surg., Gynec. & Obst. 35:142, 1930. 

Mondor, H. ; Diagnostics urgents. Abdomen, Paris, Masson & Cie, 1930, p. 233. 
Reisinger, M.: Deutsche Ztschr. f. Chir. 227:255, 1930. 

Struthers, J. W.; Edinburgh M. J. 37:403, 1930. 

Struthers, J. W.: Clin. J. 59:582 (Dec.) 1930. 

Van Alstyne, G. S.: Ann. Surg. 92:1109, 1930. 

Wolfson, W. L., and Qurman, M. J. : Ann. Surg. 91:388, 1930. 

Baker, A. H.: Brit. M. J. 1:262 (Feb. 14) 1931. 

Bridgeman, M. L., and Menne, F. R. : Persistent Ductus Omphalomesentericus 
with Secondary Ileosigmoidostomy and Terminal Peritonitis, Am J Dis 
Child. 42:602 (Sept.) 1931. 



ARCHIVES OF SURGERY 


4r,6 

Christie, A.; Meckel’s Diverticulum: A Pathologic Study of Sixty-Three Cases, 
Am. J. Dis. Child. 42:544 (Sept.) 1931. 

Dickinson, A. M.: Internat. J. Med. & Surg. 44:13, 1931. 

Gaynor, J. A.: Brit. M. J. 1:351 (Feb. 28) 1931. 

Green, M. T.: Tri-State M. J. 3:504 (Feb.) 1931. 

Hebert, C. E.: Union med. du Canada 60:176, 1931. 

Neiman, A.: Illinois M. J. 59:466, 1931. 

Reed, J. C; J. Coll. Surg. Australasia 3:396 (March) 1931. 

Starlinger, F. : Wien. klin. Wchnschr. 44:143 (Jan. 30) 1931. 

Teasley, B. C., and Teasley, G. H.: J. M. A. Georgia 20:181 (May) 1931. 
Trask, L. S., and Turvey, S. E. C. ; Northwest Med. 30:194 (April) 1931. 
Wiseley, A. N. : Medullary Carcinoma of Meckel’s Diverticulum, J. A. M. A. 
96:1949 (June 6) 1931. 

Boikan, W. S. : Meconium Peritonitis ; Hitherto Undescribed Form of Intra- 
uterine Perforation of Meckel’s Diverticulum, Arch. Path. 14:50 (July) 1932. 
Borrmann, Robert: Deutsche med. Wchnschr. 58:43 (Jan. 8) 1932. 

Debre, Boppe, H., and Semelaigne, G. : Arch, de med. d. enf. 35:271, 1932. 
Dimitroff, T., and Parkins, S. : Guthrie Clin. Bull. 2:76 (Oct.) 1932. 

Duckett, J. W.: Texas State J. Med. 28:473 (Nov.) 1932. 

Jameson, J. W. : New England J. Med. 206:284 (Feb. 11) 1932. 

Langre, M. : Bull, et mem. Soc. nat. de chir. 58:925 (June) 1932. 

Michael, P. ; Tuberculosis of Meckel’s Diverticulum, Arch. Surg. 25:1152 (Dec.) 
1932. 

Michael, P., and Bell, H. G.: Surg., Gynec. & Obst. 54:95, 1932. 

Moolten, R. R. : New York State J. Med. 32:1070 (Sept. 15) 1932. 

Nassau, C. F.: S. Clin. North America 12:1339 (Dec.) 1932. 

Thorndike, A.: New England J. Med. 207:649 (Oct. 13) 1932. 

Walking, A. A.: Ann. Surg. 95:298 (Feb.) 1932. 

Marty, J.: Bordeaux chir. 3:123 (April) 1932. 



PEP-J'IC UIXER 
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MRUCI-: MORTON, 

•Assistant I’rDic.'ifor of .''ur.m’ry and Gynccolofry, Utiivcr.sity of >'irgi[iia 

t v.\. 

Some demonstrable and appreciable d3'sfunction of the pylorus is 
often found in patients who have peptic ulcer, whether the ulcer is 
situated in the stomach or in the duodenum. The dysfunction is not a 
passive stenosis but an active disturbance of the normal rhythm of the 
pylorus. Roentgcnologically and at the time of operation, various 
degrees of spasm, hypertonicity and occasionally even slight hyper- 
trophy have been demonstrated so frequently that they are generally 
accepted as phenomena almost concomitant with peptic ulcer. For this 
reason atropine, which tends to relax the p3dorus, has been used for a 
long time in the medical management of patients with peptic ulcer and 
not infrequently seems to be a real factor in the amelioration of symp- 
toms and the control of certain forms of the disease. 

Two conflicting theories concerning dysfunction of the pylorus in 
cases of peptic ulcer have been advanced. One is that the dysfunction 
is secondary, the result of the ulceration. The other hypothesis is that 
pyloric dysfunction in such cases is primary and therefore may have 
some bearing on the etiology of peptic ulcer. 

Accordingly, the following procedures were devised to produce 
experimentally in dogs a pyloric dysfunction that might be studied to 
investigate the possible relationship between abnormal function of the 
pylorus and the formation of peptic ulcer. The animals were studied 
roentgcnologically and by exploratory operation or necropsy at various 
intervals up to two years after the induction of pyloric dysfunction. 
The results are described in this report. 

METHOD OF EXPERIMENTATION 

The principle of the experimental method devised was the addition of what 
might be termed an accessory pylorus at the outlet of the stomach. This was 
accomplished by the transplantation of a segment of jejunal muscle with intact 
mesentery to encircle the otherwise normal and undisturbed pylorus. It was 
thought that an independently contractile ring of muscle might interfere with the 
normal rhythm of the pylorus and thereby cause pyloric dysfunction. 

From the Department of Surgery and Gynecology, University of Virginia. 
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Normal health}^ dogs were used in all experiments, and for all operative pro- 
cedures ether anesthesia and an aseptic technic were emplo3xd. No rubber- 
covered or other intestinal clamps and no unabsorbable sutures were used in any 
of the operations. 

Through an upper midline incision the pylorus was e.xposed. By blunt dis- 
section small openings in the gastrohepatic and the great omentum (there is no 
gastrocolic omentum in the dog) were made at the pyloric ring. These were made 
to permit the passage of a tape for traction and later a ring of transplanted muscie 



Fig 1. — Diagram of operation for placing around the pyloric 
jejunal muscle with intact mesentery; a, method of 
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of the jejunum adjacent to it were united l)y cnd-lo-end anastomosis, thereby restor- 
ing the continuity of the gastro-inleslinal tract. 

The isolated, ringlike segment of jejunum with its mesenteric attachment intact 
was sectioned opposite the mesentery and its mucosa peeled away in a slieet, leaving 
a strip of muscle with independent circulation (fig. 1 «)• The tape previously 
placed around the pylorus was used for traction and exposure, and an Allis force])s 
was passed behind the pylorus; one end of the .strip of muscle was grasped hy it 
and half of the strip pulled through. The tape was then withdrawn and the other 
half of the strip of muscle was folded over the anterior surface of the pylorus, 
and the two ends of the muscle were sutured together. The resulting ring of 
muscle was adjusted and held in place, immediately surrounding and overlying the 
pyloric ring, hy a few interrupted sutures of fine catgut (fig. 1). 

In the animals subjected to this operation a ringlike segment of jejunal muscle 
with intact mesenteric blood and nerve supply surrounded the pyloric ring through- 
out its entire circumference. Any independent contraction of the jejunal ring 
tended to close the pyloric orifice of the stomach in the same manner that contrac- 
tion of the pyloric ring closed the orifice. Synchronous actions of the two rings 
were complementary, while asynchronous actions were in opposition to each other, 
lit either instance the normal action and function of the pylorus were disturbed. 

RESULTS 

The operative mortality was not high, only one clog in eight suc- 
cumbing to the immediate operative procedure. The state of nutrition 
and the general condition of the animals did not seem to be altered in 
any way, there being no loss of weight and no anorexia or weakness, 
even in the dog surviving for two years. During the course of the 
experiment one animal gave birth to and reared a litter of puppies 
uneventfully. No complications were observed except in two instances 
in which apparently some mucosal cells, which must have been incom- 
pletely stripped from the transplanted Ijand of muscle, proliferated and 
formed a small cyst, filled with a cheesy material similar to that found 
in sebaceous cysts in man. It was interesting to see the apparent 
normality of the mucosa lining these cysts, even to the reproduction 
of intestinal glands. 

Anatomic and Physiologic Observations . — Exploratory operations 
on the animals demonstrated that the transplanted ring of jejunal 
muscle had healed in place so w'ell that it resembled a part of the pyloric 
ring itself. It had become “peritonealized” smoothly and appeared to be 
healtl^ 3 ^ It seemed to derive part of its circulation from its original 
mesenteric vessels and part from the pyloric circulation with which it 
seemed to have anastomosed itself. Its mesentery had resolved itself 
into a “peritonealized” cylindric cord, in ivhich the arterial pulsations 
were plainly visible and palpable. Microscopic examination of this cord 
revealed apparently normal vascular channels (fig. 2). 

The jejunal ring was seen to contract frequently of its own accord. 
Also local stimulation of the ring itself or of its mesentery caused con- 
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traction of the muscle. When the muscle contracted there was a defi- 
nite constricting action on the pylorus. It was noted, however, that the 
pyloric ring was relatively so much stronger than the jejunal ring that 
the latter could not seriously interfere with strong contractions of the 
pyloric muscle itself. Electrical stimulation of the wall of the intestinal 
ring caused violent contraction of the circular muscle fibers, while elec- 
trical stimulation of the mesentery caused contraction of the longitu- 
dinal muscle fibers of the intestinal ring. 



Fis. 2.-Pho.omicrogr.ph of a section of tjc ntescntcry of .!« traosp'"”'"' 
ing of the jejunum, with normal vessels; X 

Roentgenologic 

issentially the same as that described 3 supplied barium-cere.'d 

hat the contrast medium was a i,. every 

nixture. The dogs ate the ''liia oxa„.inali<-‘ " cre 

•espect. Both fluoroscopic and roent^e ^ • P 

nade. ^ ^ 

C. B.: Observations on Pep.fc Ul«^, {r RnPr; 

^SiSoPic'aw. TberaPrCie Co ■ 

bid. 87:401 (March) 1928. 
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The observations on the animals of the experiment were controlled Ijy 
similar observations on the same animals preoperativcly and on other nor- 
mal animals on which no operation had been performed. ^ In the normal 
dog the stomach emptied with a certain degree of regularity and rhythm 
until it was completely empty in from three to four hours. 

In the animals with a transplanted jejunal ring around the pylorus, 
however, the emptying was much less regular and rhythmic. The stom- 
ach appeared somewhat dilated and more bulbous than normal. In all 
instances the pylorus seemed to offer a definite resistance to rhythmic 



Fig. 3. — Photomicrograph of a section through the pylorus showing the trans- 
planted ring of jejunal muscle; reduced from a magnification of 10. Note the 
definite evidence of duodenitis to the left of the pylorus. 


emptying of the stomach. At the end of four hours there was an appre- 
ciable residue of the contrast medium in the stomach. No ulcerations 
of the duodenum or stomach were demonstrated. In general, the roent- 
genologic characteristics of the animals of the experiments were some- 
what similar to the roentgenologic abnormalities found in patients with 
pylorospasm and other similar p3doric dysfunctions. 

General Observations . — No gross ulceration of the duodenum or 
stomach was found in any experiment but in everj^ one of them there 
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was gross and microscopic evidence of duodeiiilis (tal)le). In an 
equaUnnnber of dogs used as controls no evidence of cluodemtis was dis- 
covered. Some of the controls were normal animals on winch no 
operation had been performed; others had had an abdominal incision 
with handling of the stomach and duodenum and othcr.s had under- 
gone operations on the biliary tract in the course of other e-xpcrimcnls. 

The gross evidence of duodenitis in the animals of the e.xperimcnts 
was not marked. No apparent serosal stippling and no marked thicken- 
ing of the wall of the duodenum were seen. Inside the lumen, however, 
the mucosa frequently had a slightly eroded and definitely reddened 
appearance. 


Data of Scivii Exftcrimcntal and Sc-ivn Control Animals 




Date of 

Observation, 

Results, 
Gross and 

Duration of 

Dog 

Operation 

Operation 

Date 

Microscopic 

Experiment 

1 

Jejunal baml 
around pj-lorus 

Jan. tJ, 1930 

E.vpioration, 
Jan. 10, 1933 

Xo nicer 
Duodenitis 

2 years 

2 

Jejunal band 
around pylorus 

Oct. 31, 1929 

E.\pIoratlon, 
.Ian. 31, 1930 

Xocropsy, 

.May 30, 1030 

X'o ulcer 

Duodenitis 

3 months 

7 montlis 

0 

.Jejunal band 
around pylorus 

Oct. 29, 1929 

Exploration, 
Jan. 31, 1930 

Xocropsy, 

Ecb. 13, 1930 

X'o nicer 

Duodenitis 
nnd saslritis 

3 months 

3'/4 months 

4 

Jejunal band 
around pylorus 

June 19, 1930 

X'ceropsy. 

Feb. 20, 1931 

Duodenitis 

S montlis 

= 

Jujenal band 
around pylorus 

June IS, 1930 

Xecropsy, 

Ecb. 20, 1931 

Duodenitis 

S months 

c 

Jejunal band 
around pylorus 

June 20, 1930 

Xecropsv, 

Feb. 20, 1931 

Duodenitis 

S months 

7 

.Jejunal band 
around pylorus 

April 9, 1931 

Xeerop.sy, 
June 22, 1932 

Duodenitis 

14>/4 months 

Seven 

control 

animals 

Undisturbed 

gastro-intostinal 

tract 

TipFue examinetl grossly 
aiul microscopically 

Normal duodenum nnd 
stomach 


^Microscopic examination of the tissue revealed changes similar to 
those characteristic of duodenitis in man. These consisted of various 
degrees of superficial mucosal erosions, infiltration of the mucosa and 
subinucosa with lymphocytes, polymorphonuclear leukocytes and plasma 
cells, congestion of the capillaries, slight edema and fibrosis, evidence 
of apparently increased glandular epithelial activity and, last but most 
striking, various-sized collections of lymphocytes (figs. 3, 4, 5 and 6). 
The degree of duodenitis varied in proportion to the duration of the 
experiment. L 3 miph follicles, which are found normally in the duo- 
denum of the dog. were seen in sections of the duodenum of the normal 
control animals. These follicles, however, were different from the col- 
lections of lymphocytes found in the duodenum of the animals of the 
experiments. 
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COMMENT 

Judd and NageP^ and Kirklin’ have described the clinical featuies 
of duodenitis. The relationship of duodenitis and gastritis to duodenal 
and gastric ulcer has been thorougl)'- studied by Wellbrock,® who cited 
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also similar considerations bj' Hauser, ■* Konjctzny,“ and Konjctzny and 
Puhl.“ As stated by Wellbrock, in many cases of duodenal ulcer in 
which clinical symptoms and roentgenograms are indicative of ulcer, a 
definite ulceration cannot be found at operation. Instead duodenitis is 
demonstrated. It is described as occurring in various forms, as simple 
duodenitis, duodenitis with erosion and ulceration, chronic duodenitis 
and healed ulcerated duodenitis. There are lymphocytes, polymorphonu- 
clear leukocytes, plasma cells and a few eosinophils with congestion of 
the capillaries in the mucosa of the duodenum. In the more advanced 
chronic types the inflammatoiy reaction manifests itself b}' distinct 
hyperplasia of Brunner’s glands, with infiltration of scattered lympho- 
cytes and collections of lymphocytes throughout. The muscularis propria 
also contains some fibrous connective tissue. The blood vessels are 
sclerosed, the sclerosis increasing with the chronicity of the condition. 
The frequent association of the aforementioned changes characteristic 
of duodenitis with duodenal ulcer suggests a definite relationship between 
the two, duodenitis in all probability frequently preceding the forma- 
tion of a peptic ulcer. 

Comparison of the microscopic characteristics of duodenitis in man 
with the microscopic changes in the duodenum of the animals of the 
experiments demonstrates a close similarity between them. Analysis 
of the conditions of the experiments indicates several features that 
should be stressed. 

The experiments were made in the dog, an animal in which spon- 
taneous peptic ulcer occurs only with extreme infrequency. Acute 
ulcerations made experimentally in dogs heal with great rapidity. 
Chronic ulcerations have not been made experimentally in dogs with 
any consistency except by procedures which divert the alkaline juices 
in the duodenum away from that portion of the intestine into which 
the stomach empties, as for instance in experiments with surgical duo- 
denal drainage. 

Furthermore, the experimental procedures apparently affected 
directly only one very limited part of the gastro-intestinal tract, the 
pylorus. But the importance of that small ring of muscle may be more 
thoroughly appreciated when one considers the control which it must 

4. Hauser, G. ■. Heber die BezieViungen der chronischen Gastritis und 
Duodenitis zum chronischen Mageii-und Duodenalgeschwur, Med Klin 23-120 
(Jan.) 1927. 

5 Konjetzny, G. E.; Entzundlidic Genese des Magen-Duodenalgeschwurs : 
Em Bcitrag zur Kenntnis der Aetiologie, Pathogenese und Therapie des Magen- 
Duodcnalgeschwurs. Arch. f. Verdauungskr. 36:189, 1925. 

6. Konjetzny, G. E., and Puhl, H.: Ueber die Bedeutung der Gastritis und 

Magen-und Duodenalgeschwiirs, Med. Klin. 

192 /. 
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exert o^^er the emptying of the stomach, the regurgitation of material 
from the duodenum into the stomach and hence neutralization of the 
acid gastric chyme by the alkaline duodenal juices. 

The experimentally produced alteration in the function of the 
prdorus was not the production of a rigid unyielding stenosis, such as 






TV**-'*"' ' ■'C.fcVc 

y.Mj" ^' f/, -fl : • C-j-oT 
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» ... ' '' . 
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Vi.. 6 .-PI.oton*r«graph of a collects. ”1 fj'”'; “" 
ea o°i <Io.deni.is; roduco.l from a magn.ficaf.on of -a • 

i,h. be caused lay placing a f^i-'V-^^^fdaeVeW eSVV 

e experiment produced an a tore , 

of •■-J’.*"' ,”;. V":; nor di<l it preren. con.picc ., 
.mplete opening of tlie priori 
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but it prevented the opening and closing of the pylorus as it would nor- 
mally open and close in response to the usual stimuli. Tlic interference 
was "demonstrated Ijoth by direct observation and l)y roentgenologic 
examination. 

It could be seen that the ahnormal pyloric function interfered with 
emptying of the stomach, and therefore it seems fair to assume that it 
interfered likewise with regurgitation and hence with ordcrl}' neutrali- 
zation of the acid gastric chyme. Had the transplanted band of con- 
tractile muscle been able to exert a force equal to that of the powerful 
pyloric ring, more profound alteration in pyloric function might have 
ensued. 

The demonstrable pyloric dysfunction of the experiments was fol- 
lowed by the formation of a chronic inflammatory lesion of the duodenum 
which, though not an actual peptic ulceration, is generally considered a 
closely related pathologic change. If one assumes that the altered pyloric 
function interfered with normal neutralization of the acid gastric chyme 
by the alkaline juices in the duodenum, one has a factor similar to, 
though of course not so potent as, that which with great consistency 
causes chronic peptic ulcers following the diversion of the alkaline juices 
by surgical duodenal drainage. Mann and Williamson ' and I ® have 
reported various experiments of this character. 

In a series of cases previously reported by me,® simultaneous analyses 
of the contents of the stomach and duodenum were made in normal 
persons and in patients with peptic ulcer. The results indicated appre- 
ciably less complete prepyloric and postpyloric neutralization of the 
acid chyme in patients with peptic ulcer than in normal persons. This 
variation seemed most probably due to a difference in the action of 
the pylorus in the two groups. 

The importance of the pylorus in relation to duodenitis and duodenal 
ulcer has been demonstrated clinically by Judd and Nagel, Horsley 
and Martin and Burden.^^ They have shown that resection of a por- 
tion of the pyloric muscle is a satisfactory and effectual means of bring- 
ing about healing of both duodenitis and duodenal ulcer. 

7. Mann, F. C., and Williamson, C. S.: The Experimental Production of 
Peptic Ulcer, Ann. Surg. 77:409, 1923. 

8. Morton, C. B.: Observations on Peptic Ulcer: II. A Roentgenologic 
Study of Experimental Chronic Ulcer, Ann. Surg. 85:222, 1927; V. Findings in 
Experimentally Produced Peptic Ulcer: Etiologic and Therapeutic Considerations 
ibid. 87:401 (March) 1928. 

9. Morton, C. B. ; Observations on Peptic Ulcer ; VI. Preliminarv Report 
of Clinical Experiments with Gastro-Duodenal Analysis, Am. J. M. Sc 177-65 
(.Tan.) 1929. 

10. Horsley, J. S. : A Xew Operation for Duodenal and Gastric Ulcer T A 

M. A. 73:575 (Aug. 23) 1919. ’ 

11. Martin, E., and Burden, Y. G.i Pyloric Achalasia and Peptic Ulcer Ann 

Surg. 88:565 (Sept.) 1928. ’ 
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CONCLUSIONS 

In conclusion, the results of the experiments, in which a degree of 
alteration in the normal function of the pylorus was produced by 
encircling the pyloric ring with a contractile band of jejunal muscle, 
seem to indicate that primary 2i)doric dysfunction ma}'^ cause chronic 
inflammatory lesions of the duodenum. In the dog the lesion is a 
duodenitis which is almost identical with duodenitis in man. Because 
of the definite relationship between duodenitis and duodenal ulcer clini- 
cally, the probable significance of the results as regards the etiology of 
peptic ulcer in man is at least suggestive. 



SIGNIFICANCE OF ANAEROBIC ORGANISMS IN PERI- 
TONITIS DUE TO LIVER AUTOLYSIS 

BACTERIAL FLORA OF TFIE LIVER AND MUSCLE OF NORMAL DOGS 
HAROLD jM. TRUSLER, M.D. 

AND 

JAMES R. REEVES, B.S. 

INDIANAPOLIS 

The recent investigations of Ellis and Dragstedt^ have reopened 
the question of the bacterial flora of normal living tissue. They found 
a gram-positive anaerobic bacillus present in the liver of normal dogs 
and in the peritoneal exudate of dogs dying from intraperitoneal autol- 
ysis of fresh liver and sterile liver. Andrews and Hrdina,- while doing 
research work in connection with the same problem, found toxic strains 
of Clostridium welchii in the peritoneal exudate of dogs dying of liver 
peritonitis. They also refer to the liver organism as Bacillus welchii. 
The organism that these workers recovered produces a filtrate which, in 
large doses, is lethal for guinea-pigs and rabbits. Rewbridge ® found 
B. welchii in the peritoneal exudate formed from injections of bile and 
bile salts and assumed it to be the agent in death from this cause. 

The bacterial flora of killed animal tissue has been studied by many 
investigators, but the findings cannot be considered as typical of living 
animal tissue. Wolbach and Saiki ^ in 1909 studied the bacterial content 
of the livers of twenty-three living dogs. They found a gram-positive 
anaerobic spore-bearing bacillus present in twenty-one of twenty-three 
livers which was similar to, but not identical with, B. welchii. Reith 
cultured the muscle and blood of living animals and found that of 108 
samples from healthy dogs, rabbits and guinea-pigs, the muscular tissues 
were 83 per cent positive and the blood 84 per cent positive for bacteria 

From the Research Division, Indiana University School of Medicine. 

1. Ellis, J. C., and Dragstedt, L. R.; Liver Autolysis In Vivo, Arch. Surg 
20:8 (Jan.) 1930. 

2. Andrews, E., and Hrdina, L.: The Cause of Death in Liver Autolysis. 
Surg,, Gynec. & Obst. 52i:61 (Jan.) 1931. 

3. Rewbridge, A. G. : Etiological Role of Gas-Forming Bacilli in Experi- 
mental Bile Peritonitis, Surg., Gynec. & Obst. 52:205 (Feb.) 1931. 

4. Wolbach, S. B., and Saiki, T. A.: A New Anaerobic Spore-Bearing 
Bacterium Commonly Present in the Livers of Healthy Dogs J M Research 
21:267, 1909. 

5. Reith, A. F.: Bacteria in Muscular Tissues and Blood of Apparently 
Normal Animals, J. Bact. 12:367 (Nov.) 1926. 
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of various types. Berg, Zau and Jobifng « found the animal liver to 
contain an anaerobe with the same characteristics as the organism 
described by Wolbach and Saiki, but found bile and blood to be uni- 
forml}^ sterile. 

In view of some differences in results when the work of Andrews and 
Hidina was lepeated in this laboratory, we have attempted to ascertain 
if toxic stiains of C. welchii regiilarl}' inhabit the liver of health}' dogs 
and if the same organisms are present and cause death in in vivo antol- 
ysis of livei. To this end we have studied the livers of si.xteen normal 
healthy dogs and the muscle tissue from six dogs and present a pre- 
liminary paper on a cultural stud}'' of the organisms found. 


METHOD OF OBTAINING SPECIMENS 

Stock clogs were given injections of morphine and atropine one hour previous 
to the operation. The abciomen was shaved, scrubbed with soap and water, washed 
thorough/}' with ether and painted witli iodine. Ether was used for anesthesia : 
tile dogs were well draped with sterile linen. The operation was started witli 
the surgeon ivearing two pairs of gloves. The skin of sonic of the first dogs 
operated on was cut with a knife, but ail the cultures obtained in tin’s manner 
were contaminated with Stapliylococcus and Streptococcus, It was found that if 
the skin was opened with a hot wire cautery, cultures did not contain these organ- 
isms. The final technic was as follows: The skin and fascia were opened witli the 
cautery, the muscle was split with the fingers to eliniinatc bleeding, and die 
peritoneum was grasped in four Allis clamps and pulled out of Ihc wonnd before 
cutting. At this stage the operator’s first gloves were rcmovci] ns a final jire- 
caution, and the presenting lobe of the liver was grasped in a large Koclicr clam)i. 
A freshly sterilized knife or the cautery was used to remove a few grains of liver 
around the point of the clamp, and tlie specimen was dropped into tlic culture 
mediums. The cut surface of tlie liver was sewed witli black silk, tlic omeutmu 
was pulled down and tied to the operative site and the dog wa.s returned to the pen. 


We have spent ten months in tlic study and cultivation of known 
pure cultures of the Clostridium groui), in the preparation of .siiilahlc 
and differential culture mediums and in the selection of methods ot 
growth. We have studied three known toxic strains of C. welchii. two 
strains of Clostridium tetani. one strain of Clo.stridium edeniatis ni.iligni 
and one strain of Clostridium putrificuni. We have u.sed a .strain oi f ■ 
welchii as a control for every cultural method used in growing tb'' 
organisms isolated from tissue. 


CUETl’K.vn METirOD.S 

We have found that good growth of all anneTrihie organisiiv !' 

had in veal infusion meat mcdiiuu in open test tubes without t!w au m ^ 

or paraffin. One pound of lean grotiml veal to each liter 7,'/,/ 

infn.scd in an icebo.v for twenty-four Itonr.s. After h-atinu at e.-' '■•■rfo ^ _ 
iionr the meat is filtered out. pressed and placed l<i a dei>th ot u< .n - 


r.. X.; Zau. Z. D., and Johling. .1. W.; 

(he Liver. Proc. .^oc. Exper. OioJ. .Mwl. t Frh ) 1 
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(5 cm. to 7.6 cm.) in large test tubes or Erlcnmcycr flasks which are put in the 
autoclave for one hour and a half at 15-pound pressure. The broth is enriched to 
1 per cent with peptone and to 0.5 per cent with sodium chloride, boiled five 
minutes and filtered. The clear hroth is then titrated to />ii 8.0 and is boiled again 
for ten minutes. It is filtered again, distributed into the tubes containing the meat 
and sterilized in an Arnold sterilizer for one hour and a half on three successive 
days. Freshly ground dog liver is treated in the same manner for cultivation of 
liver organisms. For the production of exotoxins, fresli dog blood serum previ- 
ously filtered through a Berkefeld candle is added to the veal medium, up to 10 
per cent. The ground meat medium furnishes sufficient anaerobiosis to give good 
growth of all organisms studied. 

Deep agar colonies for isolation of organisms are obtained in 1 per cent veal 
infusion agar or 1 per cent liver infusion agar grown in Burri tubes as modified 
by Hall." 

Surface agar colonies are grown in tubes devised in this laboratory, on various 
modifications of 3 per cent liver and 3 per cent veal infusion agar. Rabbits’ blood, 
dried ox blood, hemoglobin and various sugars were used as enriching agents. 
Sodium sulphite agar, as reported by Wilson and Blair,** was used for differenti- 
ation. C. welchii and the organisms isolated from the dog muscle have been 
found to grow abundantly in jars of pure carbon dioxide under pressure. Neither 
the organism from the liver nor any of the other anaerobes studied would grow in 
this way in pure culture. 

A veal meat infusion medium was used for all initial cultures, for subcultures 
after heating and for all stock cultures. Spore-forming organisms will remain 
alive in tubes of this medium for months. 

ROUTINE FOR CULTURING SPECIMENS 

Tubes containing the fresh liver obtained at operation were incubated at 40 C. 
for twenty-four hours. Rapid growth and the formation of much gas always 
resulted. A subculture was made into the same medium and the original culture 
was heated in a water bath to 80 C. for fifteen minutes, in order to kill all 
vegetative forms. Heating invariably resulted in a rapid increase in gas pro- 
duction to the point that the cultures appeared to be boiling. Another sub- 
culture was made after heating, and both subcultures were incubated for another 
twenty-four hours. Dilutions of the growing, heated culture were made in 
ordinary dextrose broth and as few organisms as possible transferred to a Burri 
tube. These tubes were incubated and frequently observed; they were removed 
when colonies appeared. The colonics were studied morphologically and trans- 
ferred again to the stock medium, from which surface agar inoculations were 
made. 

All inoculations of differential mediums were made from previously heated 
cultures. All were repeatedly picked from colonies in the Burri tubes which 
were widely separated or from distinct colonies on surface agar. 

Fermentation reactions were obtained in 1 per cent liver agar to which the 
various sugars and Andrade’s indicator had been added 


7. Hall, I. C.; An Improved Technic in Burri’s Method of Isolating Obli- 
gatcly Anaerobic Bacteria, Am. J. Pub. Health 20:536 (May) 1930. 

S. Wilson, W. J., and Blair, E. M. M’V. : The Application of Sulpbite- 
blucose-Iron Agar Medium to the Quantitative Estimation of B Welchii and 
Other Reducing Bacteria in Water Supplies, J. Path. & Bact. 27:119 (Jan.) 1924. 
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RESULTS 

Using the technic described, we have studied the livers of sixteen 
normal dogs. All specimens weighed approximately 4 Gra. and were 
lemoved in each case from the left lobe adjacent to the gallbladder. 
All specimens 3 delded a thermophilic anaerobe which we describe as “dog 
liver oiganism 1. As shown by the morpholog}’ and cultural charac- 


Morphologic and Cnllural Observations 


Morphology 


Clostridium Welchii* 

In liquid medium, uni- 
form short fat rods with 
truncated ends growing 
singly and in pairs; in 
10 to 14 hour cultures 
bacilli very short, be- 
coming longer until 4 to 
G microns long, granu- 
lar, with irregular 
broken outlines at 12 
hours 


Dog Liver Organism 1 

In liquid medium, long 
and short bacilli, slen- 
der, curved or wavy; no 
constant size or shape; 
ends square; grow in 
masses and long chains; 
longer and more vari- 
able in shape than the 
Welch bacillus 


Dog Muscle Organism 1 

Large bacilli uniform in 
size with rounded ends; 
no tendency to curved 
forms; imiformity of 
organisms more pro- 
nounced in surface agar 
colonies; bacilli larger 
than B. welchii 


Staining 


Constantly G-h in young 
liquid cultures; G — in 
old cultures with stain- 
ing variations in a 
single organism; agar 
colonies variable even 
in young cultures 


Variable from earliest 
culture; predominance 
of G — forms in all cul- 
tures; granular forms 
usually predominate in 
old cultures 


Stain a deep dark blue 
with little tendency to 
G— forms when growing 
in colonies; G-f and G— 
forms seen with equal 
frequency in liquid 
cultures 


Motility 


Xonmotile; encapsulated Xonmotile; no capsule 


Xonmotilc; no capsule 


Pathogenicity Intramuscularly in 

pigeons: 1 cc. toxin dil. 
1:4, death, 12 hours; 

1 cc. toxin dil. 1:6, 
death, 24 hours 

Intraperitoneally in 
guinea-pigs (medium 
size); 1 cc. toxin undil., 
death; G hours; 2 cc. 
toxin undil., death, 3 
hours 

Intraperitoneally in 
dogs: 35 cc. of a whole 
broth culture filtered to 
remove meat particles, 
death in 72 hours 


Intramuscularly in 
pigeons (average size): 
1 cc. toxin dil. 1:4 in 
sodium chloride, harm- 
less; 1 cc. toxin undil., 
harmless 

Intraperitoneally in 
guinea-pig (medium 
size): 6 cc. toxin imdil., 
harmless 


Intraperitoneally in 
dogs: 35 cc. whole broth 
culture, meat free, 
harmless 


Intramuscularly In 
pigeons: 1 cc. toxin 
undil., harmless 


Intraperitoneally m 
guinea-pig (medium 
size): 2 cc. toxin undil.. 
no harm: 6 cc. toxin 
undil., no harm 


♦ Cultural characteristics of G. welchii are included for purposes of comparison. 


teristics which we record in detail, this organism is not C. welclin 
and does not closely resemble it. 

On two occasions we have incubated large masses of dogs ncr, 
keeping the left lobes separate from the right. In these mstancc.s vc 
have found anaerobes other than organism 1. The bacterial con cn 

the left lobes when incubated in large masses ' VT'” rf “iLt -roiip 
right. Clostridium sporogenes and organisms of the ^ostrid u , P 
which n^cre closely resemble the Welch bacillus were o- ^ 
lobe. In every case, however, they d.ftered .n st,g.ar [emcn.^ 
pathogenicitjL These organisms regularly ferment 



TRUSLER-REEVnS—AUTOLYTIC PERITONITIS 


in a twelve hour liauid ciiltnrp in ■ r • 
medium; B, C. welchii in an eighteen hour surface colony on liver inf”^-°" 
agar under carbon dioxide ^ mfusion blood 
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;<lyccnii. scircli, s(irl)ilc aiul dulcilo!. We were unable to demonstrate 
an exotoxiii. nor u'erc the organisms ])atbogenic when tlie whole organ- 
ism was injected into a guinea-pig’s muscle in 3 ^oung broth cultures. 

Ow ing to our inabilit\’ to insure .strict bactcriologic technic in remov- 
ing large mas.ses of liver, we give no detailed descriptions of these occa- 
sional organsims. A\’e .strongly suspect that the bacterial flora of the 
dog.s li\ei vaiies with diilcrent lobes, al.so varying in difterent animals 
and in the same animal at difterent times. However, the organism 
which e desciibe in detail a.s dog li\'er organism 1 has been found con- 
stantl}’ inx'scnt in the livers of sixteen normal dogs. 

In stucN'ing dog muscle tissue, we have used a technic similar to 
that for liver. I he skin was opened with a cauter\', and 2 to 3 Gm. 
samples were taken. One sample of a dog’s right rectus muscle was 
sterile ; two samples of right rectus muscle and three other samples 
contained a strain of anaerobic bacilli differing from the liver organism 
and from C. welchii, A detailed description of tins organism will be 
found in the table under the heading “Dog Muscle Organism 1.” 

C. IVclchii on Veal Infusion Mediums. — Gas bubbles appear in from 
six to eight hours after the inoculation. The gas increases rapidly in 
amount until at the end of tw'enty-four hours the meat is infiltrated 
with gas and rises to the top of the liquid. The broth below is homo- 
geneousl)' clouded. Gas production becomes feeble after ninety-six 
hours, but occasional bubbles arise in this medium after standing for 
months at room temperature. There is no digestion of the meat, and 
the odor of these cultures is not unpleasant. 

Organisms from Dog Liver on Veal Infusion Meat Mediums. — Gas 
bubbles in the subcultures do not appear for from sevent 3 ’-two to ninety- 
six hours. Grow^th is then evident b 3 '^ a feeble production of gas which 
increases soinewdiat, but ivhich never becomes rapid. The meat is nevei 
raised. Grow^th continues indefinitely; howmver, at the end of from 
seven to ten da 3 'S the meat in the tubes is darkened and reduced to a 
mushy slime ivith a putrefactive and very offensive odor. The broth 
above the meat is at all times clear and is somewdiat darkened. 

Organisms from Dog Muscle on Veal Infusion Meat Mediums.— 
Gas appears in twenty-four hours and increases rapidly. The meat 
becomes infiltrated Avith the gas and rises to the top. The broth is 
milky. A fine Avhite sediment accumulates in the bottom of the tu e. 
Production of gas continues for forty-eight hours, and the meat tans 
to the bottom. At the end of six or seven days the meat thoroug 
digested and can be squeezed through fine cheesecloti. le 
have a definitelv putrefactive odor. , 

Colonies of C. welchii on surface agar usually ° 

with an undulating surface and slightly irregular or 
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Iicy arc opaque, moist and glistening. In deep agar, the colonies are 
iniind and wliilc, solid at first, until after from eight to ten hours the 

piescnce of gas hubbies distorts the characteristic picture and colony 
formation is lost. 

On surface agar, the liver organisms form flat, oval, scaly colonies 
with iiicpilarly advancing edges. The surface is uneven and dry, and 
tile colonics arc ycllou'. In deep agar, the colonies appear as biconcave 
dishs that are while with fuzz}' outlines. 

On surface agar, the colonies of the organisms found in muscle are 
louiidcd and droplike, with a moist, glistening surface. The surface is 
smooth. 1 he edges arc even and cream}' yellow. In deep agar, the 
organisms grow diffusely through the medium. 

Sodium Sulphite Agar. — C. wclchii and other pathogenic anaerobes 
form black pigment on this medium. Grown in our anaerobic tubes, 
surface agar colonics of the Welch organism appear as black, shiny, 
raised dots in from eighteen to twenty-four hours. Deep agar and 
surface colonics of anaerobes from the dog’s liver and muscle fail to 
form pigment at any time on this medium. 


Sugar Fcnnciifatiou. — Brown,® in a comprehensive study of anaerobic 
bacteria, has shown the variability of sugar fermentation even within a 
single strain. He concludes that anaerobes are divided into groups 
according to their ability to ferment sugars and according to their pro- 
teolytic powers, but that they cannot be rigidly divided as being either 
saccharolytic or proteolytic. We have found that C. welchii regularly 
ferments dextrose, sucrose, maltose and lactose with acid and gas, and 
that its proteolytic pou'ers are very limited. Liver organisms have been 
found to ferment dextrose, lactose, starch, galactose and levulose, never 
sucrose and occasionally maltose. They have, however, the power of 
rapid proteolysis. Organisms from muscle form acid and gas in dex- 
trose, lactose, maltose, inulin, starch, galactose, levulose, sucrose and 
mannitol. The proteolytic power's of these anaerobes are pronounced. 

Pathogenicity. — In estimating the production of toxin of C. welchii 
the usual test methods were used. The cultures were made in veal infu 
sion meat mediums to which fresh dog serum had been added up to 
10 per cent. The toxin content was highest at forty-eight hours. u 
tures were passed through a Berkefeld candle, and the resultant tiatc 
was tested by intramuscular injection into pigeons. Our cultures o • 
welchii varied in toxicity, but all formed toxins to some degree le 
highest testing 1 : 7 when diluted in physiologic solution o so lu 
chloride ; that is, 1 cc. of a 1 : 7 dilution in physiologic solution of soc i 

g Brown, J. H.: A Study of Anaerobic Bacteria, J. Bact. 10:513 (^o\.) 
1925. 






Fig. 4. — Liver organism in a seven day deep agar colony in 1 per cent dex- 
trose, 1 per cent liver agar in Burri tube. 



pjg_ 5 _ — Muscle organism in a thirty-six hour surface colony on li'c g- 


under carbon dioxide. 


Fig. 6. — A, muscle organism in an eighteen hour surface colony in dextrose 
heart infusion agar under carbon dioxide. B, muscle organism from a colony three 
nionths old on 1 per cent dextrose, 3 per cent liver agar in anaerobic tube (note 
Ihc spore in the lower right corner). 
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chloride would cause death in twenty-four hours. Similar filtrates of 
orgauisms from hver and muscle were diluted and tested, and even in 
hirgc doses of full strength wc could demonstrate no harmful results, 
Ivabhits, guinca-pigs and dogs were also used to test the material, which 
at no time gave toxic reactions. 


COJIiUENT 


I he data included in this paper may serve to clarify much of the 
confusion concerning the gas-forming bacilli. It occurs to us that the 
term gas bacillus” has been too loosely applied, and that it has been 
loo commonly assumed that any gas-forming anaerobe is the Welch 
bacillus, ^^'c feel that this is true in previous reports on the cause of 
death in hh^er autol3’sis. We have not attempted to determine the exact 
identity of the liver or muscle organism; we have, however, used 
accepted cultural methods and strict bacteriologic technic to place these 
organisms within their proper metabolic group. 

The organisms isolated from liver differ from those found in muscle 
in many respects. Organisms in muscle require less anaerobiosis, they 
form less gas, and they differ morphologically as well as in their reaction 
to heat. Ho'we\’’er, both t3'pes of oi'ganisms are spore-bearing anaei'obes, 
thc3’ are nonmotile, they cause rapid digestion of meat with a strong 
putrefactive odor, and from the standpoint of exotoxin formation they 
are nonpathogenic. Organisms from both liver and muscle must occupy 
an entirety different place within the genus Qostridium than does the 
Welch bacillus. Damon and Feirer described a group of thermophilic 
anaerobes which compare more closety to the organism isolated from 
dog liver than 3113^ that have been described. The organisms that we 
have isolated from liver differ from these thermophilic anaerobes only 
slightly^ in morphology and sugar fermentation. Muscle organisms do 
not compare with this group. 

We do not insist that at all times we have been working with abso- 


lutely pure cultures. Our organisms were separated with cai'e by means 
of picking off colonies and not by^ the single cell technic. We realize 
also that the number of specimens studied falls short of a quantity that 
would guarantee these organisms to be present in the livers of all normal 
dogs ; with this in mind we are continuing to add specimens to t ns 
number as we study the role of anaerobic bacteria in death due to 


autolytic peritonitis, a report of which is to follow.^ 

In two instances aerobic organisms were found m cultures from 1 
liver, but were discarded without further study._ It may be of mteres 
to note that one of these organisms formed an intense 
veal infusion mediums. It was also noted that the anaerobes presc; 


10. Damon, S. R., and Feirer, W. A.; 
J. Bact. 10:37 (Jan-) ^925. 


Anaerobic Sporulating: Tbermopbilc?. 
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in the sixteen livers grew poorly in inire culture. Tlie rapidity of growth 
and destruction of protein is markedly increased by symbiosis with 
Staphylococcus and B. coli. 

As a result of studies so far made, we do not believe that toxic 
strains of C. welchii regularly inhabit liver or muscle of living dogs. We 
doubt the probability of its presence in tissues of a living dog. We agree 
that the livers of fetal dogs are sterile. The liver and muscle become 
the habitat of these organisms only after the first few months of life 
and after the ingestion of food. We attempt no explanation of their 
presence in the liver or in other tissue, but we do point out that the}' 
probably enter actively into the reduction of the body after death. 
Whether or not they enter actively into the process of disease remains 
to be determined. 

CONCLUSIONS 

1. Toxic strains of C. welchii were not found to be present in the 
livers of sixteen normal healthy dogs or in the muscles of six nonnal 
healthy dogs. 

2. The livers of sixteen normal healthy dogs contained a strict 
anaerobic bacillus, thermophilic in its reaction to heat, a member of the 
genus Clostridium and of the metabolic group of nonsucrose-fermenting, 
putrefactive, gas-forming organisms. 

3. The muscles of five normal healthy dogs contained a less strict 
anaei'obic bacillus, not thermophilic in heat reaction, a member of the 
genus Clostridium and of the metabolic group of sucrose-fermenting, 
putrefactive, gas-forming organisms. A sample of muscle from one 
dog was sterile. 

4. The organisms occupying the livers and muscles of the dogs 
studied do not produce an exotoxin. They are, in this respect, non- 
pathogenic. 

5. These organisms are all large gram-positive bacilli. Their mor- 
phology and gas production easily confuse them with pathogenic forms. 

6. On two occasions when large masses of liver were incubated, 
organisms were found which closely resembled C. welchii in morphology. 
They differ in sugar fermentation, form no exotoxin and were not 
pathogenic when injected in young broth cultures intramuscularly into 
guinea-pigs. 

7. Livers of fetal dogs are uniformly sterile. 

This work has been done under the supervision of Dr. W. D. Gatch. Assis- 
tance has been given to us by Dr. Thurman B. Rice of the department of 
bacteriology and pathology and by Mr. Fred A. Miller and M. Galen Boring 
01 the biological department of the Eli Lilly Research Laboratories. 



TUAfORS OF THE PAROTID GLAND 
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lictlicr coiisiciercd from the clinical, pathologic or therapeutic 
standpoint, tumors of the j)arotid gland present problems difficult of 
solution. J he benign neoplasms of this organ often show malignant 
tendencies in that they recur frequently after simple excision, whereas 
the malignant tumors often show benign features in that distant metas- 
tascs rarely develop. W'iiether recurrence in a given case is a clinical 
feature of a benign process or a malignant feature of a type of carcinoma 
in which a tendency to widespread metastases is practically absent is not 
always casil\’ decided. The composition of the majority of these new 
growths as seen through the microscope is likewise difficult of interpre- 
tation. Whether these tumors are trul}’ mixed, with both connective 
tissue components and epithelial elements taking part in the neoplastic 
process, is by no means clear from a perusal of the literature. Authors 
differ in placing the responsibility for the new growth on the epithelium, 
the connective tissue, the myxoma or the cartilage found in these lesions, 
and the view that the entire process is endothelial is not without its 
adherents. From the standpoint of treatment, equall}' difficult decisions 
must be made. Since the continued growth of these tumors and manipu- 
lations for their removal both offer serious danger of damage to the 
adjacent facial nerve, the choice between surgical intervention and 
irradiation is often an extremely delicate one. 

The many factors to be weighed in diagnosis, in pathologic inteiprc- 
tation and in treatment, as well as the fact that the occurrence of these 
tumors is b}" no means rare, lends imiwrtance to a thorough restud\ of 
a large series of these cases. 

The frequenc}^ of tumors of the parotid gland is indicated In pre\i 
ous publications on this subject, series of cases numbering o\cr 50 

Aided by a grant from the Anna Fuller Fund. ^ 

From the Surgical Pathological Laboratory, Department of Surgery, Joins 
Hopkins Hospital and University. 
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(Wood ’ and Wilson and Willis -) and over 90 (Kennon,’’ Mcl'arland,' 
Benedict and Meigs ■') having been reported from various clinics. The 
following study of tumors of the parotid gland recorded in the surgical 
pathologic laboratory of the Johns Hopkins Hospital covers a period 
extending from 188S t(3 1931 and includes a total of 241 cases. In 
most of these cases the records are complete and include both history 
and pathologic material. It has been possible to maintain dose contact 
with the majority of these ijatients (145) for varying periods of time, 
and many of them have been followed from operation to the time of 
writing or until death. Infectious processes localizing in and affecting 
the parotid gland have not been included in this study, which is restricted 
to the neoplasms of the gland. 

CLINICAL I'KATCRES OF PAROTID TUMORS 

In a group of 50,000 patients surgically treated there were 241 
parotid tumors (exclusive of those that were definitely suhmaxillary, 
sublingual or lacrimal), a ratio of 1 tumor to 208 persons. Of the 
241 tumors, 42, or 17.4 per cent, were considered malignant after a 
study was completed of all data on which classification could be based. 
Parotid tumors may occur at any age, and in the present series ages 
are recorded from 8 to 80 years. Pailler ® reported a tumor in a girl of 
11 months; McFarland,* a tumor in a child less than 1 year of age, 
and Wood,* a rapidly growing tumor in a child of 7 months. Although 
there is a fairly wide age distribution, the majority of these tumors 
appear in persons between the ages of 20 and 45 years, with the highest 
incidence in the third decade. If the cases reported by McFarland and 
those he collected from the literature are added to the series of Benedict 
and Meigs ° as well as to the series cited here, there is a total of 
676 cases, of which 455 occurred in persons between the ages of 20 
and 45 (fig. 1). A larger percentage of malignant tumors than of 

1. Wood, F. C. : The Mixed Tumors of the Salivarj^ Glands, Ann. Surg. 
39:57 and 207, 1904. 

2. Wilson, L. B., and Willis, B. C. : The So-Called Mixed Tumors of the 
Salivary Gland, Am. J. M. Sc. 143:656, 1912. 

3. Kennon, R. ; Tumours of the Salivary Gland, Brit. J. Surg. 9:76 ( Tulvl 
1921; 10:85 (April) 1922. 

4. McFarland, J.; Ninety Tumors of the Parotid Region, Am. J. M. Sc. 
172:804 (Dec.) 1926. 

5. Benedict, E. B., and Meigs, J. V.: Tumors of the Parotid Gland, Surg., 
Gynec. & Qbst. 51:626 (Nov.) 1930. 

6. Pailler, B.: Des epitheliomes polymorphes de le parotide. These de Paris, 
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benign tumors occitrrccl in persons over the age of 45, although the 
higlicst number of malignant tumors occurred in the third decade. 

The incidence of these tumors is found to be greater in the white 
race (80.1 per cent) than in the Negro race (19.9 per cent). One 
case of carcinoma of the parotid occurred in a Chinaman. The two 
sexes were about equally a/Tected. The tumors occur with practically 
equal frequency on both sides of the face, as follows; 




Right 

Left 


^McFarland 

reports 

28 

38 


McFarland 

reports from 

otlier sources 114 

135 




225, or 47.2% 

251, 

or 52.8% 

Present series 

70, or 52.6% 

63, 

or 47.4% 



Fig-. 1.— Chart showing age incidence of parotid tumors. 


Concerning localization, the following: statistics may be noted: 

Cases Percentage 


. 64 48.1 

Angle of the jaw 2i 30.8 

Over the parotid gland ^2 9.9 

Submaxillary region g ^.0 

Mastoid region 7 5.2 

Throat 


The average duration of the benign mixed tjmom 
from the time a mass tvas first „,,ijg„ant form 

ninety-six months, or eight J • vears. The symptoms m 

wtas fifty-one months, or ere of fifteen mont^^ 

nearly one half of the cases of """"■„ only one eighth 

duration or less, whereas the M. The shorter 

of the benign mixed tumors was wtthm. he an p 
duration in the malignant form indicates definitely 
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ing process. Such syiuplonis as pain, iiUcrferciicc witli hearing or 
sight and involvement of the seventh nerve occurred earlier in the malig- 
nant form and caused the patient to seek medical aid sooner than m the 
case of the henign tumor. This, as pointed out h)’ McFarland,'' is an 
aid in differential diagnosis between the benign and the malignant form. 

Frequently a history was obtained of the presence of a nodule which 
was quiescent for as long as ten years, and which then manifested slow 
and progressive growth. In some cases this followed injury or infec- 
tion, but most frequently no reason was found, and apparently neither 
trauma nor infection could be related definitely to the mixed tumors 
as a causative factor. 

Delbet and Flerrenschmidt ' reported some cases following trauma. 
Kennon stated that a number of his patients gave a history of an injury 



Fig. 2. — Chart showing the distribution of 241 parotid tumors. 

to the area in which the tumor subsequently developed. In only 10 cases 
of the present series was there a history of trauma, and in but 14 a 
history of infection (mumps, influenza, sore throat or dental abscess) 
antecedent to tumor formation. It would thus appear that there is no 
definite evidence of any predisposing factors in the development of 
these tumors that can be obtained from the clinical history. 

In the benign mixed tumors the most frequent symptom (fig, 3) 
was gradual growth with intervals of quiescence (even as long as ten 
years) usually followed by the slow and progressive enlargement so 
characteristic of these lesions. Rapid growth was rare, and when it 
occurred it was usually at the onset or just before operative intervention. 
Gradual growth occurred in 144 cases ; rapid growth, in only 23. 

Enlargement was rapid in 17 of the 42 malignant tumors, and in 
'' the rate of growth varied a great deal during the course of the 

7. Delbet and Herrenschmidt ^ Tumeur mixte de la parotide, Bull. Assoc, 
franc, p. I’etude du cancer 4:41, 1910. 
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Fig. 3. — Chart showing the symptoms and findings in benign (white area) and 
malignant (crossed area) tumors of the parotid gland. 


aids in the differentiation between the benign and the malignant form 
of . parotid tumors. In 1 5 cases of malignant tumor there was pain 
of the radiating t3fpe. Although pain may occur in both the mixed and 
the malignant tumors, in practically all of the benign growths there is 
discomfort rather than pain, which is local rather than radiating. 

In the entire series interference with chewing was noted three times, 
apparently caused b}' mechanical interference of the growth with the 
temporomandibular joint. D3^sphagia was a rarer S3-mptom, occurring 
but two times; in each case the tumor occurred in the phar3’nx, the 
explanation again probably resting on mechanical interference. Drain- 
age of purulent material from the ear in otitis media, in association 
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with a tumor on the same side, rvas noted in 3 cases. Salivation was 
not observed in our series, though it has been described in the literature 
(Prengrueher ®). 

The ])enign tumors were of firm consistency, ruliber-like, sharply 
circumscribed and not attached. The malignant tumors were usually 
more diffuse, more apt to be attached to the surrounding tissues and 
of a more variable consistency ; they were at times harder and at times 
softer, but rarely of the same firmness as benign tumors. In 3 cases 
of the malignant group the tumor was noted to be rather soft in con- 
sistency and not at all circumscribed. In the other cases it was much 
firmer, and in a few cases it was quite discrete. 

Enlargement of the cervical lymph nodes is another point of differ- 
entiation. In the malignant tumors this occurred in 13 of 42 cases, or in 
30.9 per cent ; whereas in the benign tumors it occurred in but 7 of 
153 cases, or 4.5 per cent. The Ij'inphatic involvement was unilateral 
in but 1 case of the malignant group and was bilateral in all the rest. 
It was confined to the cervical nodes in all the cases, with an exception 
in the benign group which was associated with a general enlargement of 
lymph nodes. In but 1 case was the swelling definitely proved to be 
caused by metastasis from the tumor. In others it was present when 
the patient presented himself for examination, but it could easily have 
been due to some infectious process, particularly about the upper 
respiratory tract. To support this view is the fact that in no case in 
this series was there other than a unilateral tumor, 3 'et all cases of 
enlarged lymph glands save 1 were bilateral, and this case showed defi- 
nite glandular enlargement after the onset of the tumor. 

CLINICAL DISTINCTION BETWEEN BENIGN AND MALIGNANT TUMORS 

Although the differentiation of benign from malignant tumors of the 
parotid gland is often an extremely difficult problem in the symp- 
tomatology and in the clinical examination, distinction between benign 
and malignant tumors can usually be made. Three of 4 benign tumors 
occur in the age period between 20 and 45 years, whereas 2 of 3 of the 
malignant tumors occur after 45 years and between the ages of 45 and 
65. The duration of the benign tumors is twice that of the malignant, 
the former averaging eight years and the latter four years. Pain is 
mild and localized in the benign group, and is severe and radiating in 
the malignant group. The rate of growth is slow and gradual in one 

8. Prengrueber, cited by Ewing.-s 

8a. In only lour cases among the malignant tumors of this series were 
metastases to distant organs verified. While the impression clinically is that a 
fair percentage of parotid cancers metastasize to the regional lymph nodes, such 
metastases are seldom verified microscopically, and are rarer than is generally 
supposed. ■* 
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Fig. 5 (path. no. 26733). — Carcinoma of the parotid gland metastasizing to 
the cervical nodes and to the abdomen. Death occurred within two years. The 
patient was a white woman, 71 years old. She had a tumor for four years on 
the right side of the face at the angle of the jaiv. It was about 2.5 cm. in diameter 
when first observed, but gradually and progressively grew and became adherent 
to the surrounding tissues and ulcerated on the crests. The patient lost much 
weight, and her cervical lymph nodes increased in size. The tumor was excised 
on Sept. 14, 1920; following operation she was better for a while; then there 
occurred bilateral metastases above the sternocleidomastoid muscles and later a 
mass in the abdomen. She died on Feb. 15, 1922, presumably from metastasis. 
The illustrations show ; 

A, patient before operation with a large ulcerating mass. 

B, patient after operation with recurrence in the left cervical region. 

C, low power photomicrograph showing diffuse grade III cancer. 

D, high power photomicrograph showing malignant cuboidal cells. 
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Fig. 6 (path. no. 23480). — Benign mixed tumor of the parotid with scanty and 
inconspicuous epithelial elements. The patient was a white woman, aged 31, who 
had a tumor behind the ear for ten years. It grew slowly and progressiveh', and 
there was local pain from the onset. A complete excision of the tumor was done 
on July 23, 1918. In 1919, the patient was well with no recurrence. 

gross specimen showing the hyaline and cartilage-like areas visible on the 
cut surface. 

B, photomicrograph showing the cartilaginous and precartilaginous stroma 
practically devoid of epithelial elements. 

C, photomicrograph showing epithelial elements invading myxomatous areas. 


PATHOLOGIC DISTINCTION BETWEEN BENIGN AND MALIGNANT TU.ttORS 
In some cases in which the patient is middle aged with symptoms of 
several years’ duration and the tumor is firm, but not definitely circum- 
scribed, the distinction between benign mixed tumor and carcinoma of 
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the parotid cannot be made clinically. In other cases in the same age 
group with a similar duration of symptoms, the primary tumor may 
have been unsuccessfully excised elsewhere, and the recuiient giowth 
may be even more difficult to diagnose. In such cases, particularly when 
tissue is already available for microscopic examination in a recurrent 
tumor, the pathologic changes may aid making the distinction. 

The microscopic study shows a variation in cell structure with points 
of distinction between the more definitely benign groups, those with the 
Greatest tendency' to recur and those which terminate in death. The 



Fig, 7 (path. no. 35501). — The patient was a white woman, aged 31, with a 
tumor of ten years’ duration at the angle of the left law. Complete excision was 
performed in May, 1924, including a margin of normal parotid gland. A partial 
facial paralysis resulted. The photomicrograph shows the epithelial elements scat- 
tered among a large amount of fibrous and fibromyxomatous tissue in which many 
cystic spaces have formed. 

most benign group has an adenomatous arrangement with a large amount 
of stroma in which myxomatous connective tissue and cartilage may be 
conspicuous features. The epithelial cells may be cuboidal, columnar or 
oval but are usually spindle-shaped and compressed by the abundant 
amount of stroma or matrix. These growths are referred to as mixed 
tumors of the parotid gland. Such typical mixed tumors are usually 
one of two microscopic types. In the first microscopic type, com- 
pressed basal cells arranged in thin strands pervade a lobulated and 




rig. 8 (path. no. 23146). — Recurrent mixed tumor of the parotid. The patient 
w as a white woman, aged 40, who had a tumor for three )'ears which began just 
below the posterior zygoma and spread to the temporal region. It grew slowly. 
On Ma 3 ^ 8, 1918, it was excised piecemeal with the knife and the capsule broken. 
The tumor recurred a few months later. One year after this first operation 
radium treatments were begun and continued for eight months without improve- 
ment. In March, 1920, piecemeal excision with the cautery was done. The facial 
nerve was sacrificed. The cauterizations were done at repeated sittings. One 
year later, July 9, 1921, the patient was examined and found free from recurrence. 
The illustrations show; 

patient after the first operation. 

■B, patient after cauterization for recurrence. 

C, high power photomicrograph from the recurrent specimen showing nests 
of basal cells invading the stroma. There is a definite adenocystic arrangement. 

D, high power photomicrograph from the recurrent specimen showing the 
compressed basal cells intermingled with mj'xomatous fibrous tissue. In C and 
D, it can be seen that the tumor approaches adenocystic basal cell carcinoma m 
structure. 
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inyxoinatoiis matrix (fig. 6A and B). In tlic second microsco|)ic type, the 
epithelial cell varies from a basal to a cuboidal or even to a srjnamons 
cell, and the stroma with numerous cystic spaces shows similar variations 
including hvalini'/.ed connective tissue, myxoma or cartdagc (fig. 7). 
l\Iicroscopica]ly, the most reliable index to the benign nature of these 
mixed tumors is the character of the stroma. The slower the rate of 
growth the larger is the amount of stroma and the moie often is 
cartilage found. 

In the recurrent tumor, areas of diffuse proliferation ma\’ be seen. 
The stroma is more predominant!}' fibrous than myxomatous, and the 
epithelial cells are more uniformly of the basal cell type. Ihese cell 








Fig. 9 (path. no. 9120). — Metastasizing carcinoma of the parotid gland. The 
patient was a white man, aged 45, with a gradual growth in the right parotid 
region of three and one-half years' duration. Enlargement of the lymph nodes 
appeared two months before death. Despite irradiation and tracheotomy, death 
occurred within less than four years after the initial operation. 

A, diffuse invasion of the parotid gland by malignant epithelial cells. 

B, structure of the tumor in a lymph node. Nests of large epithelial cells are 
seen. 


p-otips may be arranged in an apparently adenoc 3 ’stic formation or in 
islands invading the stroma rather than in strands as seen in the mixed 
tumors (fig. S). In the recurrent cases the microscopic picture over- 
laps that of so-called benign mixed tumors on the one hand and that of 
earemomas on the other, since basal cell proliferation may predominate 
over the components of any of the three groups. Many of these recur- 
rent tumors are basal cell carcinomas without a tendenc}- to metastasize. 
Some of them arc benign mixed tumors of the parotid with basal cell 
features which become more prominent after the first recurrence. 
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f Ik'sc Illinois with basal cell features must be distinguished from 
a small grou]> of malignant tumors of the parotid which are not related 
to the mixed or basal cell tyjie hut arise about the small ducts of the 
jxuotici iind ma\ jnoduco dinusc islands of cuboidal cells or metastasize 
as cuboidal cell cancer (fig. 9). Another small group of malignant 
tumors composed of small spindle and round cells (fig. 5), described 
by Chevassu “ as atypical carcinoma, approaches the basal cell cancer in 
-Structure. Ibis is the type incorrectly described by Kuster,^® Nasse,'^ 
Dcgcn '■ and Scbndclc as round cell sarcoma. These rare variants of 
cancer of the parotid are best referred to as atypical carcinoma after 
Chevassu. 



Fig. 10 (path. no. 36754). —Recurrent basal cell cancer. The tumor, in a white 
woman, aged 42, was present nearly four years. It recurred twice and 
the lymph nodes. Despite the last complete excision performed in June, U- , 
there was recurrence with failing health in May, 1931. The piiotomicrOt,rap i 
the basal cell cancer shows characteristic epithelial lobules witli invasion o 
fibrous stroma. 


9. Chevassu. Maurice: Tumeurs de la gland sous-maxiliaire, wo c 
41:145, 1910. 

10. Kuster, F.: Arch. f. klin. Chir. 12:596, 1870. Tomorcndcs 

11. Nasse, D.; Die Gescliwiilste der Speicheldrusen und verwandte Tu 

Kopfes, Arch. f. klin. Chir. 44:233, 1892. „ • t „ nkcerf. Frci- 

12. Degen, W. : Ein doppelseitiges Sarkom der Parotis, Inau„, 

burg, 1900. . T> mill .Aiiat. u. 

13. Schridde, H.: Ein Rundzellensarkom der Parotis, Bcifr. • P‘ 

z. allg. Path. 34:136, 1903. 
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When the patient is over 45 years of age, and when the tumor is 
adherent and rapidly growing, a neoplasm of the parotid may be 
expected to show basal cell features and to have a tendenc}' to leciu. 
A definite percentage of this group are true basal cell cancers (fig. 10). 
Only in rare instances will there be an atypical carcinoma (Chevassu) 
which has a tendency to metastasize. The firm nodular growths occur- 
ring in persons under the age of 45 with a longer duration of symptoms 
and a slower rate of growth usually will prove on microscopic exami- 
nation to have mixed features with a large amount of myxomatous 
stroma and epithelial components containing benign cells arranged in 
thin strands or dilated acini. The}' will have less tendency to recur 
after treatment. 

Thus there are pathologic factors leading to recurrence after treat- 
ment of tumors of the parotid. The recurrent tumor is most often a 
basal cell carcinoma or a benign mixed tumor with basal cell features. 
The microscopic distinction between the two is associated with clinical 
points of diffei'entiation, as has been pointed out. 

THE NATURE OF MIXED TUMORS 

Difficulties in the histogenesis of parotid tumors have hinged about 
both the epithelial and the connective tissue components of the neo- 
plasm. Although Kaufmann and Volkmann tried to derive these lesions 
from endothelium, it is now generally conceded that the more cellular 
areas are epithelial. The more difficult problem has been to account 
for the myxomatous and cartilaginous features found in the stroma. 
Krompecher,'"* Clementz and others have thought that metaplasia or 
mucoid regression might account for the cartilaginous material as a 
product of the epithelial cells in the tumor. 

These tumors were first described by Kaltschmied in 1752. They 
were regarded as epithelial by Virchow even though he pointed out the 
probable derivation of cartilage from connective tissue by metaplasia. 
Cobnheim particularly was an adherent of the epithelial theory of the 
origin of these tumors. 

This opinion persisted until Kaufmann attempted to prove a 
relationship to endothelial structures on the basis of peritheliomatous 

14. Krompechcr, E. ; Zur Histogenesc und Vorphologie der l\Iischagescliwulste 
dcr Haiit, sowic dcr Speichcl- und Schlcimdrusen, Beitr. z. path. Anat u z allsr 
Path. 44:51, 1908. 

15. Clementz, H.: Ueber das Schleimgcwebe in Parotisgeschwiilsten Inaug 
Dissert., Bonn, 1882. 

10. Kaltschmied, C. F.; Tumorc sdrrhoso trium cum quadrante librarum 
glandulae parotids c.xtirpato, Vienna, lit. Tennemannianis, 1752. 

17. Virchow: Die krankhaften Geschwfilstc, Berlin, A. Hirschwald, 1863-1867. 

18. Cobnheim: Virchows Arch. f. path. Anat. 68:547, 1870. 

19. Kaufmann. C.; Das Parotis-Sarkoni pathologisch-’anatomisch und klinisch 
bcarbeuet. .treh. f. klin. Chir. 26:672. 1881. 
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.'ukI srircomatous-Iikc features. Then, Wartmann in 1879, because 
of tile polyhedral cells so frequent in the histologic structure of these 
tumors, maintained that they were derived from lymphatic endothelium. 
I here ajipeared to he some truth in this contention, for these cells are 
small and polyhedral, and assume a flat or spindle form under pressure. 
Often lhc\ aie adheient to the supporting connective tissue and appear 
to merge with it in a manner certainly suggesting an endothelial nature. 

These ohsen-ations so influenced Volkmann-^ that in 1895 he made 
a comprehensive study of the subject. He pointed out to what degree 
these tumors ma}' simulate endothelial structures, and turned the tide of 
thought in the direction of the endothelial theory. For some time case 
reports were jiuhlished under the heading of “Endothelioma of the 
f’arotid.” 

The swing of opinion hack to the epithelial theory of origin started 
in 1899 with Hinsberg,-- who was supported by Ribbert and later by 
Borrmann in 1901. These men, b}' careful investigation and study of 
various cases, so adversely criticized the endothelial theory that there 
was a reversion of thought to the earlier views of Cohnheim. 

In France, opinion had alwa3'’S been in favor of the epithelial origin, 
and though there was some dissension (Curtis and Phocas -®) the theory 
was earnestl}'- upheld by' Collet -® in 1896, Pitance in 1897, and Cuneo 
and Veau in 1900. 

In 1912, Weishaupt -® and later Moral®® agreed on the idea that 
the ramus of the mandible might furnish the peculiar embryonal material 


20. Wartmann;. Untersuchungen fiber der Enebondrom, Inaug. Dissert., Strass- 
burg, ISSO. 

21. Volkmann, R. : Ueber endotheliale Geschwfilste, zugleicli ein Beitrag zii 
den Speicheldrfisen-und Gaumentumoren, Deutsche Ztschr. f. Chin 41:1, 1S95. 

22. Hinsberg, V. : Beitrage zur Entwicklungsgeschichte und Natur der Mtind- 
speicheldrfisengeschwfilste, Deutsche Ztschr. f. Chin 51:281, 1899. 

23. Ribbert, M. W. H. : Geschwulstlehre ffir Aerzte und Studierende, Bonn, 

F. Cohn, 1904, p. 385. 

24. Borrmann: Virchows Arch. f. path. Anat. 157:297, 1899. 

25. Curtis and Phocas ; Contribution a I’etude des tumeurs mi.xtes de la paro- 
tide, Arch. prov. de med. 1:7, 1899. . . , , , Tiiese 

26. Collet, Andre : Des tumeurs mixtes des glandes salivaires des levre , 

27. p'itancei J.-B. : Etude sur les tumeurs mixtes du voile du palais. These de 

Cunl”and'Lu: Sur I’origine branchiale des tumeurs mix^es^cervico- 
faciales: branchiomes cervico-faciaux, Cong, internat. de med., 

™’29.°Weifh!upt, Elizabeth: Ein embryonaler Scitenjmz °t.cti.s parotu^^^^^ 
und seine Beziehungen zu einigen tumoren der parotis. Arch. f. khn. Chin 

^^^30. Moral, Hans: Ueber die ersten Entwicklungsstadien der Glandida parotis. 
Anat. Hefte 47:383, 1913. 
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often included in these tumors. This might explain the beginning of 
the process but certainly not the very complex differentiation that later 
occurs. As eaidy as 1882, Clementz expressed the opinion that 
cartilage in mixed tumors of the pai'otid might be formed from epithelial 
cells, "in 1888, Carriere studied ramifying cells in the cartilage of 



lug. H (path. no. 50579).— Comparative histology of benign mixed tumor in 
section and in tissue culture. The patient was a white woman, aged 35, with a 
small hard tumor beneath the right ear, present for ten years. On Nov. 11, 1931, 
a complete excision was performed. 

section showing spindle and epithelial cells lying loose in the stroma. 

R, tissue culture showing spindle and epithelial cells in the culture medium. 


31. Carricre -. Note sur le dcveloppement dcs cellules ramifiees du cartilage des 
cephalopodcs ct de Icurs rapports avec certains elements des chondromc Comnt 
rend. Soc. de biol. 5:577, 1888. ’ ‘ 
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cc])Iialopo(Is and their relation to the chondrotomes. Ehrich,^^ in 1906, 
maintained that tlic cartilage resulted from a condensation and the 
chemical transformation of the e]>ithelial cells which had undergone a 
mucoid degenei ation. Alezais and Bricker also upheld these views 
and attemj^ted to correlate them with the work of Carriere, in that they 
believed that similar ramifying cells, of the type occurring in the 
cejihalojiods, occurred in tumors of the parotid. 

.A restiid}- of the microscopic material of the cases in the present 
scries and tissue cultures from human tumors of the mixed tvpe grown 



Fig. 12.— Human embryo 4501 of 18 mm. Anlage of the parotid gland showing 
the continuity of the epithelial elements with the lining of the buccal cavitj . , 

anlage of the parotid gland; B, Meckel’s cartilage, and C, buccal ca\it}. 


in vitro showed that the actively proliferating tumor element is an 
elongated basal cell which transforms into a more cuboidal or more 
columnar type (fig. H). This is borne out by the embryology of he 
salivary glands, which in their early stages ° 

buccal epithelium (Sg. 12). It is apparently the outlying c d 
strands of this glandular epithelium invading the connect \ 

32. Ehrich: Zur Kenntnis der Speicheldriisentumorcn, Bcifr. z. khn. Clnr 

'' 3?Alezal and Bricker: Le cartilage a cellules ramifills dcs tumours pnro.idi- 
ennes, Compt. rend. Soc. de biol. 64:380, 1908. 






STEIN-GESCHICKTER— TUMORS OE PAROTID GLAND 509 

the capsule that is responsible for the beginning of the neoplastic 
process (ftg. 14 J5 ) . 

The tendency for the connective tissue components and their deriva- 
tives, myxoma and cartilage, to assume a prominent place in the 
microscopic composition of the tumor may be accounted for on embryo- 
logic grounds. Unlike the submaxillary glands, where such mixed 
tumors are relatively rare, the parotid from the earliest stages of its 
development lacks a specialized fibrous capsule (fig. 13). Instead, the 
epithelial cells diffusely invade the surrounding mesenchymal elements 



Fig. 13. ^Human embryo 5725 of 23 mni. Photomicrograph from the region 
of tlie jaws. The section shows the contrast between the early stages of develop- 
ment of the subniaxillary gland A and the parotid gland B. Note the lack of 
encapsulation of the epithelial buds of the parotid and the definite formation of a 
capsule about the submaxillary gland. 

in the region of Meckel’s cartilage. From the first the parenchyma 
of the gland is thus closely associated with the precartilaginous struc- 
tures of the mandible. This lack of definite encapsulation during 
development was emphasized by Lowenkron => and was noted by 

34. Lowenkron. Hans; Ueher Entwicklung des Bindegewebes der grossen 
Mundspcichcldrusen (bci mcnschlichen Emhrvonen). Ztschr. f. Anat u Fntwrklnn-^ 
gesch. 93:370, 1930. ' ' ' 
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Ficr 14-4 invasion of the normal lymph node by 
pal^d iandi; a human fetus of 21 cm. (After Neisse: Anat. Hefte 10.A7, 

iji* photomicrograph of the margin of j'°enhhelfu capsule of 

an adult showing the undeveloped buds of P ^ penetrate the 

the gland. Apparently these undeveloped u s P immediate 

surrounding capsule of connecting tissue and ^ 

''TS' power iJromicLt'ap'o^^^ b-ph a^n 

a'd^ltty'S:" 

Neisse. 

T, ■ • 1 r«npn =5 Neisse even observed invasion of tbc 

Delemare, Poirier and Cune . of the parotid (fig- 

embryonic tymph nodes by normal epi surrounding 

This tendency for the outlying acini g j gj,ij. 

Jlcture. is^een in 

iected to microscopic study (fig. 1« ^>- 

-ITSS^arc, Poirier end Cone. : Ana.ow .1 “ 

" S: io I,*.*- • 

Anat. Hefte 10:287, 1S98. 
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tumor proliferation it is the outlying glandular elements (which nor- 
mally retain the greatest growth potentialities) that are most active. 
Their invasion of the surrounding connective tissue apparently stimu- 
lates this precartilaginous substance to react and to proliferate. The 
result is a composite tumor of both epithelium and connective tissue. 


PATHOLOGY OF CARCINOMAS OF THE PAROTID 

The majority of the malignant tumors of the parotid are of the 
basal cell type (fig. 10). Although these tumors are usually adherent 
to the overlying structures, the skin is rarely ulcerated and there is no 
evidence to prove that these cancers arise from the basal cells of the 
epidermis. The carcinomas develop rapidly and are apparently circum- 
scribed at first, but they soon become attached to adjacent structures, 
invade the gland, and finall}' involve the regional lymph nodes. Infiltra- 
tion of the adjacent tissues is not infrequent in the malignant tumors, 
and occasionally the axillary and mediastinal lymph nodes are involved. 
Distant metastases are, however, extremely rare. Nasse observed local 
and general metastases that in 1 case extended to the bones. Although 
it was assumed on the evidence of gross pathologic examination that 
cartilage was present in 3 cases in the group of carcinomas, cartilage 
could not be found on microscopic examination. The fibrous con- 
stituents present are usually much overshadowed by the epithelial 
proliferation. 

The microscopic structure may be that of an adenocarcinoma with 
cells of the columnar or basal form, but more often it assumes adeno- 
cystic basal cell features. This tendency for the undifferentiated tumors 
of the parotid to approach basal cell cancer in type is to be expected, 
since it is the basal cell layer of the primitive buccal epithelium from 
which the salivary glands are derived. The same tendencies for tumors 
arising in the appendages of buccal epithelium to give rise to adenocystic 
basal cell carcinoma is seen in adamantinomas derived from the epi- 
thelium of the gums and in aberrant mixed tumors in the mucous mem- 
brane about the cheeks and the palate. Carcinomas of this basal cell 
type frequently recur and extend locally, but rarely metastasize. It is 
usually the atypical carcinomas which give rise to widespread metastases, 
as illustrated in the case of L. S., a white man, aged 45 (fig. 9). 

Anatomic Diaffiiosis— The anatomic diagnosis was probable mixed tumor of 
the right parotid gland with malignant change. There was extension to the tissues 
of the neck and the axilla with metastases to the left axillary lymph glands, the 
right thoracic wall and the skin over the right side of the chest. Other finings 
were an x-ray burn on the right side of the chest, edema of the right arm, edema 
of the uvula and the larynx, a tracheotomy wound, aspiration pneumonia’ edema 
of the scrotum and old syphilitic scars of the liver. 


.V. Footnote Ci7 has been deleted by the authors. 
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Climcal lliston'. 


, , , , . ill early childhood, since which time 

a lump had persisted in the right parotid region. In December, 1925, the swellin- 
leg.ni to iiicrensc m size, and irradiation was tried without success. An emer- 
.gwncy tracheotomy had to lie performed owing to acute dyspnea and edema of the 
lace and of the right arm. 

P/iysicol Exaiiiiiiafioii.— The temperature was 101.6 F. ; the pulse rate, 120, and 
the respiratory rate. 30. There was an induration of the skin of the face and chest 
with small red nodules. The patient at first improved; then there was a recurrence 
of edema and dyspnea over a three day period. He was kept under the influence of 
morphine for two days, and died witli a terminal rise of temperature to 108 F. His 
urine. ^Vasscrnlann reaction and blood culture were negative. Biopsy showed a 
chronic inflamniation and cells suggesting malignancy. 

.■Iiitopsy. — A huge, firm mass was found in the region of the right parotid. 
The mass seemed to fade indefinitely into the indurated tissues of the neck. The 
skin of the neck was thickened, edematous and bluish red. The circumference of 
the neck was greath' increased and felt quite hard across the front and around 
the side beyond each ear. The tissues about the tracheotoni}' wound were thick 
and edematous with numerous firm white nodules in the skin over the entire left 
side of the chest down almost to the costal margin, which did not seem to extend 
beyond the midline. The tissue in the right axilla was very dense, and the right 
arm was swollen. An x-ray burn with large blisters on the left side in the axillary 
line was noted. When the soft tissue was stripped from the ribs, the muscles of 
the entire right side of the chest contained patches of firm white tissue similar 
to that of the skin. The mass in the parotid region was removed and found to 
be firm and rather hard with an indefinable outline. When the mass was removed, 
it was noted that the tumor tissue extended around the neck as far as could be 
explored, about 8 cm. behind the right ear. On the right side of the neck the 
muscles were infiltrated by the same dense white tissue that was found in the 
left axillary' glands. The thymoid gland was surrounded by tumor tissue and on 
section showed firm, pale areas due to an infiltration of the new growth. 

Microscopic Examimtion. — Sections from the skin, larynx, lymph nodes and 
parotid all showed the same type of cellular neoplasm. The predominant cell was 
round or cuboidal wdth a single or double large hy'perchromatic nucleus (fig- 9)- 
Small spindle cells and many lymphocytes accompanied the epithelial elements, 
W'hich were arranged in partial acini or small islands. The microscopic diagnosis 
was cuboidal carcinoma of the parotid, or so-called atypical carcinoma. 

DIFFERENTIAL DIAGNOSIS 

In addition to the difficulty of distinguishing between benign and 
malignant tumors of the parotid gland, there is also the problem o 
differentiating these neoplasms from swellings in the 
caused by other conditions. In the differential diagnosis, the follonm^ 
conditions must be borne in mind; epidemic or ^ 

benign or malignant Ij-mphadenopathy, salivary calculus, M.ku - 
syndrome, actinomycosis, tumors of the jaw and antrum and pentonsilh 

and buccal abscess. _ 

Epidemic Parotitis (Mumps) or Infectious 
tions should cause little difficulty in diagnosis. Both are accoijaniccl 
by an acute onset with fever, rather than by t le grac 
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acteristic of parotid tumors. Mumps is distinguished by the bilateral 
involvement, the acute pain and the history of an epidemic in the neigh- 
borhood. Infectious parotitis is usually found in surgical cases in 
which the proper quantity of fluids has not been given. 

Lyuiphadcuopathy . — ^The occipital nodes and posterior auiicular 
nodes may become enlarged as a result of leukemia, Hodgkin s disease, 
lynrphosarcoma, syphilis, tuberculosis or acute infection, but in these 
cases there is an obvious enlargement of the other cervical glands at 
the same time. 

Hodgkin’s disease or lymphosarcoma may begin with marked swelling 
in only one group of nodes on one side of the neck. The swelling is, 
however, more rapid than in a parotid tumor and spreads more rapidly 
to tymph nodes elsewhere in the bodj'. Palpation of the spleen and 
liver, a roentgenogram of the chest to determine whether or not there is 
a mediastinal tumor and a blood count to determine the possible presence 
of lymphoid leukemia are important procedures in making the dififerential 
diagnosis. The early response of malignant lymphoid tumors to high 
voltage roentgen therapy is diagnostic. 

Salivary Calculus . — Salivary calculus occasionally may be present in 
the parotid duct, although it is more frequently found in the duct of 
the submaxillary gland. In the early stages it gives rise to sudden 
intermittent swelling of the affected gland when stimulus from food 
causes active secretion. If the process is of long standing, the gland 
may become permanently distended. Diagnosis may be determined by 
palpation, probing or roentgen examination. 

Mikulicz’ Syndrome . — This condition is characterized by chronic 
bilateral swelling of the parotid, and of the submaxillary, sublingual and 
usually the lacrimal glands. Sometimes there are associated spleno- 
megaly and lymphadenopathy as well as changes in the blood picture. 
The syndrome is associated with lymphadenoma, lymphatic leukemia or 
chronic infection. 

Actinomycosis . — This condition is uncommon and has occurred pri- 
marily in the parotid only fifteen times (in the literature). In other 
instances involvement of the parotid has been secondary. At first there 
is a hard, brawny induration of the skin and subcutaneous tissues, and 
later there are suppuration and frequently a granular exudation. Diag- 
nosis is confirmed b}^ the finding of the sulphur-like granules in which 
one can stain the mycelium ; in the secondary form diagnosis is further 
facilitated by the presence of other areas of infection. Suppuration and 
ulceration found in actinomycosis are rare in parotid tumors. 

Tumors of the Jasu and Anirum.— Tumors bulging the antrum or 
arising in the jawbone may be distinguished by palpation from neoplasms 
of the parotid because of their continuity with the bones of the face 
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When Ihh is not possible, an x-ray film depicting tl.e osseons involve- 
iiiciU will aid in making the distinction. 

PeriionsiUar and Buccal Abscess.~ln peritonsillar abscess there is 
genet ally an antecedent history of systemic reaction such as is evidenced 
b}- fever, chills and aching. In addition, there are present pain 
and difhcuity in deglutition, a fluctuant mass, which is generally soft, 
located in the peritonsillar area, and also leukocytosis. Pus may be 
obtained fiom such a mass by incision, and if early surgical procedure 
is not 1 csorted to, spontaneous rupture is likely to occur. 

In a case of buccal abscess there is generally a S 3 'stemic reaction, and 
the patient often suffers from fever and chills complicated frequentl}' 
by aching of the bones. On examination the area in question is found 
to be soft and fluctuant. Relief from symptoms rapidly follows incision 
and drainage. 


TREATMENT 

These tumors often resist even the most radical treatment and fre- 
quently recur, sometimes with a fatal result, in spite of the most careful 
therapeutic measures. There have been four methods in common use 
by which these tumors have been treated. Although the tables indi- 
cating this and the results are complete and speak for themselves, there 
are a few points that deserve discussion. The methods of treatment 
(fig. 15 and tables 1 and 2) used are: 


1. Curettage 

2. Enucleation 

(a) With resulting damage to the capsule ss 
(i>) Without damage to the capsule 

3. Complete excision 

(a) Tumor and healthy tissue surrounding capsule 

(b) Use of cautery to excise 

(c) Phenolization or use of alcohol in tumor bed 

4. Irradiation by radium or roentgen rays. 


In 7 cases the tumor was removed in fragmented form by cuiettage 
‘with contamination of the tumor bed bj" tumor cells. Recun ence too ' 
place in all cases in which this method of treatment was used. I ns 
danger is apparently not obviated by doing a thorough curettage aic ec 
bv Paquelin cauter)', phenol and alcohol or zinc chloride (50 per cen ), 
for even in 3 patients treated in this fashion there were recurrences. 

Another unsatisfactory method and one by which many of the^e 
tumors have been removed because of_ fear of injury ‘ 
nerve is that of enucleation by blunt dissection. This is . 

^sTltirTapsule referred to is macroscopic and not microscopic. 
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to even the most experienced of operators. It is, howevei, rately 
achieved without some damage to the capsule, microscopic or macro- 
scopic. This allows tumor cells to escape and become implanted, and 
because of this contamination of the tumor bed, a recurrence results. 
Of the 21 persons operated on by enucleation, only 12 were cured. 
Among those cured, enucleation in 1 was reinforced by. the use of 
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Fig. 15.— Chart showing the results of treatment in tumors of the parotid 
gland. To the left is shown results of treatment in the benign tumors and to the 
right the results of treatment in malignant tumors. The recurrences of the benign 
growths are indicated in black; the deaths in the cases of malignant tumors are 
indicated by the diagonal lines, 

the cautery. In the others, it is practically certain that the enucleation 
was carried out without serious damage to the capsular structures. 

Frequentl}' the fibrous structures about these tumors appear to be 
bound down to the ramus of the jaw and to be intimately connected 
with the parotid gland, and often closely bound to the facial nerve. It 
is apparently when the mass is freed from these structures that 
implantation leading to recurrence takes place. One should attempt 
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l.-RcsuUs of Trcalmcnt in Benign Mired Tinners of the Parotid 
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25 

00 

4149G 

C5 

24 

41330 

22 

43 

41273 

20 

24 

41218 

57 

... 

40914 

39 

2 

3SG90 

18 

4 

38454 

18 

25 

3S33G 

24 

24 

38136 

72 

156 

3C730 

38 

48 

3C43S 

19 

14 

3GOCO 

58 

20 

3C03S 


108 

35588 

20 

96 

35501 

31 

120 

S330S 

02 

24 


i2 Complete excision with paro- 
tid margin 

51 Complete excision with mar- 
gin gland (then radiation) 
radium 

Complete e.vcision of tumor; 10/2S/27 

no capsule damage 

Complete excision; also radi- 11 / i/29 

ation; radium 

Complete c.xcision 5/19/21 

Complete e.x'cision; no capsule C/25/29 

damage 

Complete excision with 4/19/29 

healthy gland margin 
M’idc excision, pbenolization.. 

Complete excision with sur- 4/ 4/29 
rounding margin for recur- 
rence from operation 2 mos. 
earlier 

Complete excision 2/ 4/29 

Complete e.xcision 4/27/27 

Lumps appeared suddenly; 12/20/2S 
decreased half under x-ray; 
completely excised 

Complete excision for recur- 10/ 2/2S 
rence, 2 mos. following first 
operation 

Enucleation three times Sept., 192G- 

Feb., 1927 


Oct., 1931: Well; no recur- 
rence; well 1 yr. 5 mos. 
Oct., 1931: Eccurrence, gen- 
eral health good 
Oct. 25, 1931: Well; no re- 
currence 

Oct., 1931: Well; no recur- 
rence, 2 yrs. 3 mos. 
jiiig., 1931; Facial paralysis; 
no recurrence following 
operation for recurrence 
6/15/31 

July 6, 1931: Well; no recur- 
rence 


Oct., 1931: Well; no recur- 
rence 

Aug., 1931: Well 1 yr. 9 
mos.; no recurrence 
Aug., 1931; Well; no recur- 
rence 

Aug., 1931: Well; no recur- 
rence 

July, 1931: Well; no recur- 
rence 

Oct., 1931: Well; no recur- 
rence 


Aug., 1931: Well; no recur- 
rence 

July 21, 1931: Well; no re- 
currence 

June, 1930: Well; no recur- 
rence 


Aug., 1931: Eccurrence: in- 
tensii-e radium treatment 
continued 

Complete excision with can- Sept. 4, 1926: Eccurrence; 


tery; use of zinc cliloride 
and alcohol 
Complete excision with cau- Nov., 192G 
tery of most of gland; 
ligation of duet 
Excision 


Bilateral ligation of c.xtemal 11/ 6/30 
carotids 

Enucleation; capsule intact... 11/24/24 

Complete excision for recur- Nov., 1924 
rence after 2 yrs. post- 
operativeli' 

Complete excision lor recur- 
rence 9 ITS. after first op- 
eration 

Complete excision ivith wide 0/11/2* 

margin 

Complete excision witli pa- Slay, 1924 
rotid margin 

Complete excision witli pa- 3/12/24 

rotid margin 


reoperated on 11 / 1/26 


Oct., 1931: Patient reported 
hai’ing died in 1930, 4 yrs. 
after operation; cause 
not stated 

Eadiation caused no de- 
crease of tumor; healtn 
poor 

Jan., 1931; Weil; no recur- 
rence 

Oct., 1931: Well: no recur- 
rence; basal ceil features 


Nor., 1924 Aug., 1931: Weil; no recur- 
rence 

Aug., 1931: Lower facial 
paralysis; irell; no re- 
currence , , 

Partial facial paralysis no 
word since 

Sept., 1931: Well; no recur- 
rcncc 
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Table 1. — Results of Treatment in Benign Mixed Tumors of the Parotid 

— Continued 




Dura- 



Path. 


tiOD, 


Date of 

No. 

Ago 

Mos. 

Treatment 

Operation 

35113 

48 

2 

Complete excision with gland 

3/13/24 




margin for recurrence after 
10 yrs. 


31593 

52 

120 

Complete excision, third op- 

4/11/20 




cration 

313S4 

58 


Complete excision with gland 

10/13/22 




margin 

28353 

35 


Complete excision third opor- 





ation 


28324 

23 


Complete excision with gland 

G/13/21 




margin 

28313 

44 

120 

Complete excision 

3/21/21 

2S174 

19 

11 

Enucleation; no capsule dam- 

May, 1021 




age 


2S078 

28 

36 

Enucleation, capsule damaged 

5/ G/21 

27175 

38 

120 

Complete excision with gland 

Dec., 1920 




margin 


27014 

60 

96 

Complete excision 

Oct., 1920 

26S30 

61 

24 

Radiation 

Sept., 1920 

20732 

29 

30 

Complete excision with gland 

Oct., 1920 




margin 

26340 

.. 

106 

Excision lor recurrence of 

1920 

20213 



tumor 15 yrs. after first 
operation 


50 

108 

Complete excision with gland 
margin 

0/ 3/20 

23945 

23 

00 

Excision piecemeal 

4/16/20 

234SO 

31 

120 

Complete excision with gland 

July, 1918 

23146 



margin 

40 

36 

Excision piecemeal with can- 

1/19/21 

23032 



tery; second operation 

27 

60 

Complete excision gland mar- 
gin 

4/10/18 

22G95 

45 

IG 

Excision for recurrence 2 yrs. 

Feb., 1918 

22579 



after first operation 

GO 

9 

Complete excision gland mar- 

Dec., 1917 




gin, third operation 

22478 

5G 

192 

Excision; no capsule damage 

11/13/17 

21900 

GO 

240 

Complete excision with cau- 
tery 

8/14/17 

21110 

5S 

2 

Complete excision with cau- 
tery 

3/ 8/17 

20S72 



Complete excision 


20103 

•• 

156 

Complete e.xcision; no cap- 
sule damage 

0/13/10 

10SG6 

31 

S4 

Complete cxci.eion 

7/20/10 


Result 

Oct., 1931: Well; no recur- 
rence 


No recurrence; died 22 mos. 
after operation, 0/2/31, 
of pneumonia 
Oct., 1931: Well; no recur- 
rence; numbness of 
tongue; paralysis of lips 
July 15, 1921: Died of septi- 
cemia several days fol- 
lowing operation 
Well 4 yrs. 2 mos. later 

July, 1931; Well; no recur- 
rence 

Well, 1 mo. later 


Jan., 1921; Well 

March, 1921: Well; no recur- 
rence 

Sept., 1929: Well; no recur- 
rence; basal cell features 

Oct,, 1920: Tumor mass 
shrunken; abscess forma- 
tion; death of cardiac de- 
composition Nov. 20, 1920 

July, 1931: Well; no recur- 
rence 

Oct., 1931: Well; no recur- 
rence 


ouiy, vs6i: Well; no recur- 
rence; complete facial 
paralysis since operation 
Aug., 1921: Recurrence 
Well, 1919; no recurrence 

July 19, 1921: Facial paraly- 
sis; no recurrence; well 
April, 1919; Well; no recur- 
rence 

Sept., 1931: Well; no recur- 
rence 

F^., 192G; Died of throm- 
bo-angiitis obliterans and 
gangrene 8 yrs. 2 mos. 
alter operation; no recur- 
rence of tumor 

Jan. 19, 1928: Death lOti 
yrs. following operation 
May, 1918: Dead 14 mos. 

operation, result of 

1931: Dead several years 
later, cause uriknown 

^’o recurrence; 

1- about 

from uni operation 

irom Unknown cau^e 

24, 1930: Dead of pel- 
1 Ic carcinoma 3 yrs. and 8 
operation; 
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Ta,,!.,.: \.~Rcsnl,s oj Trcafmcf in Benign Mixed Tnmovs of the Parotid 

— Continued 


rn(h. 

Xo. 

3520.') 


37211 

37105 

36020 

3C5I3 

3C1C7 

36272 

3620S 

35233 


niirn- 
tloii, 
Arc JIoe. 


•13 


06 


42 

51 

44 

23 

3S 


36 

264 

344 

S4 

300 

132 

E4 


Trcntincnt 

Complete excision; third op- 
eration 


J'lxclsion; third operation 


Complete exeision; eapside 
damaged in wound 

Knuclcatlon; no capsule dam- 
age 

Complete enucleation, no cap- 
sule damage 

Complete excision; no capsule 
damage 

Complete excision; curettage 


Date of 

Operation Besult 

Oct., 1015 Sept., 1031: Cysts in tumor 
area; facia] paralyses 
have not increased in size 
since present 14 yrs. ago 
3/22/15 Paralysis of face, no recur- 
rence; committed suicide 
March, 1930, 15 yrs. fol- 
lowing operation 


3/ 6/33 
12/12/34 
Oct., 1914 
30/31/14 
0/21/34 
9/ 5/34 


Complete excision; no capsule 
damage 

Complete c.xcision Jan., 3914 


14695 

52 

360 

' Complete excision 

9/27/lS 

146S9 

77 

S 

Complete c.xcision of tumor 
and gland margin with cau- 
tery for recurrence 

7/33/25 

13d7j 

45 

7 

Complete excision with cau- 
tery 

12/14/12 

12GT5 

27 

332 

Complete excision with sur- 
rounding margin 

J/20/12 

12460 

59 

90 

Excision with ligation of 
common carotid 

2/20/12 

12291 

42 

24 

Complete e.^cision for recur- 
rence 

12/16/11 

1104S 

27 

24 

Enucleation for recurrence 

12/29/10 

10031 

36 

60 

Complete c.xcision with mar- 
gin for recurrence 

10/16/00 

9784 

54 

2 

Complete excision, cauteriza- 
tion and phenolization be- 
cause of capsule rupture 

5/27/09 

9518 

40 

24 

Complete excision; capsule 
rupture; cauterization and 
phenolization 

2/31/09 

9494 

25 

84 

Complete e.xcision; capsule 
rupture; cauterization and 
phenolization 

2/ 1/09 

S9S9 

57 

30 

Complete c.xcision 

0/ S/OS 

8171 

43 

144 

Complete exeision 

5/ 3/07 

8131 . 

70 

120 

Enucleation; no capsule dam- 
age 

4/19/OT 

8127 

72 

210 

Excision of parotid gland 
and chiseling away of 
ramus of the jaw 


7972 

58 

300 

Complete c.xcision 

2/21/07 1 

6706 

69 

240 

Complete excision 

9/13/05 

65S6 

47 

210 

E.xcision piecemeal 2 yrs. after 
first operation for recur- 

1905 11 


Oct., 1933; Well; no recur- 
rence 

1919; Well; no recurrence 

April, 1919; TVell; no recur- 
rence 

July, 1921: Well; no recur- 
rence 

April, 1919; Well; no recur- 
rence 

May, 1919: Well; no recur- 
rence 

May, 1919: Well; no recur- 
rence 

1929; Well; no recurrence; 
conjunc. initiation secon- 
dary to facial paralysis 
1919; Well; no recurrence 

191S; Well; no recurrence; 
Sept., 1931: well few years 
ago 

Feb. 21, 1912: Dead from 
postoperative shock 
Facial paralysis; Sept., 

1931: well; no recurrence 
1912: Died during operation 
for recurrence 
May, 3919; Well; no recur- 
rence 

Nov., 1920: Well; no recur- 
rence 

Oct., 3931; Well; no recur- 
rence 


Oct., 1931; Well; no recur- 
rence 

1935: Killed in accident 7 
yrs. after operation; no 
recurrence 

Oct., 1915: Well; no recur- 
rence 

ICOS: ’ll'ell; dead before 191", 
probably from apoplexy 
since patient had one 
stroke before operation: 
no record of recurrence 
Juno 35, 390S: Death of 
chronic ncplirltis 1 5 ;r. 

4 inos. after operation, 
recurrence of tumor 
locally 

Feb. 21, 1907: Dead of 

bronchopneumonia 

rune, 1907; Well; no rceiir- 
rcncc; dead by 192s, 
cau.'^c unknown 
115: Well 10 yrs., then 
recurrence; third o 3 »cra- 
tlon June, 1920 
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Table 1.— Results oj Treatment in BenUjn Mixed Tumors oj the Parotid 

— Continued 


Dura- 

Path. tion, 

No. Age Mos. Treatment 


Date of 
Operation 


5490 

45 

15G 

Tracheotomy and enuclea- 
tion; no capsule damage 

5417 

17 

12 

Complete excision 

5167 

Go 

30 

Complete excision piecemeal 
by curettage 

5044 

43 

36 

Complete excision for recur- 
rence "nithin 1 yr. 

5009 

GO 

576 

Complete excision with gland 
margin 

4872 

47 

48 

Complete excision 

4SG1 

24 

100 

Complete excision 

4297 

17 

24 

Complete excision, gland mar- 
gin 

4231 

77 

540 

Excision 

4227 

35 

103 

Complete excision; resection, 
wiring of lower jaw and 
tracheotomy 

4040 

53 

240 

Complete excision; facial 
nerve cut; also second oper- 
ation 

3973 

20 

240 

Enucleation 

Complete e.xcision 

3282 

27 

108 

Complete excision 

3031 

53 

CO 

Complete excision; enuclea- 
tion 

2911 

21 

84 

Complete excision 

2750 

53 

72 

Enucleation; division of pa- 
rotid duct 

2173 

5G 

324 

Enucleation; ligation of jugu- 
lar vein 

1GG9 

31 

276 

Complete excision 

1578 

2G 

120 

Complete excision with gland 
margin 

S.N. 1491 

55 

120 

Enucleation; no capsule dam- 
age 

S.N. 1095 

27 

SO 

Complete excision 

997 

40 

4S 

Complete excision; ligation of 
external carotid 

S03 

20 

24 

Complete enucleation 

S.N. 740 

2G 

GO 

Complete excision with sur- 
rounding glands 

cor. 

23 

90 

Complete excision with gland 


niarpin 


n/lS/04 

4/15/04 

11/20/03 

1/ 5/04 

8/24/03 

5/21/02 

6/ 1/03 
0/ 0/02 

4/29/02 

4/20/02 

11/27/01 

11 / 0/01 
0/ 8/10 
9/13/00 

4/24/00 

1/19/00 

10/00/99 

4/15/9S 

1/20/07 

11/13/90 

3/15/92 

7/27/91 
7/19/93 
3/ 9/05 

12/ 2/00 
10/15/91 


Kcsult 

Sept., 1907: No reeurrence; 

elironie nephritis 
IDOS: Well; died of extensive 
recurrent tumor loenlly 
9 yrs. following opera- 
tion; no evldenee of 
metastases 

March, 1908; Well; death 
In 1909, 4 yrs and 4 mos. 
after operation; reeur- 
renee; blindness 8 mos. 
prceedlng death 
Oct., 1931; Well: no recur- 
rence; 50 per cent facial 
paralysis 

July, 1907: Well; no recur- 
rence 

Oct., 1931: Well; no recur- 
rence 

ICOS: Well; no recurrence 
1910: Well; no recurrence 

190S: Dead due to other 
causes 6 yrs. after opera- 
tion; no recurrence 
1919; Dead from apoplexy 
17 yrs. after operation; 
no recurrence of tumor 
1910; Recurrence; 1919: well; 
no recurrence 

1910: Well; then recurrence 
1919: Well; no recurrence 
March, 1908; Well; no recur- 
rence 

Oct., 1913: Well; no recur- 
rence 

1905: Well; no recurrence; 
temporary facial paraly- 
sis after operation 
1905: Recurrence 

190S: Died of other causes 
10 yrs. after operation; 
no recurrence 
1903; Death of pneumonia 
5 yrs. after operation; 
no recurrence 
1919: Well; no recurrence; 

facial paralysis 
1915: Death from apoplexy 
23 yrs. after operation; no 
recurrence of tumor 
April, 1908: Well; no recur- 
rence 

Oct., 1931: Well: no recur- 
rence 

June, 1S97: Death 2 yrs. 
Inter following abdominal 
condition; no recurrence 
-Ipril, 1919; Well; no recur- 
rence 

190S: Well; no recurrence; 
partial loss of sight of 
right eye and of hearing 
in right ear 
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Table 2. — Results of Treat iiiciit in Carcinoma of the Parotid 


Path. 


Dura- 

tion, 

Date of 


Time 

No. 

Age 

Mo.s. Trciitinent 

Operation 

Result 

Well 

43232 

10 

.. rncomplotc excision: radium 
packs applied 3 times; no 
result; recurrence 

Jan., 1930 

Oct. 20, 1931: General 
condition good; no 
metastasis; no in- 
crease in size of recur- 
rent growth; radium 
pack continued 

1 yr. 

9 mos. 

42333 

rct 

10 11/5/27; Second radical mas- 

toidectomy; tumor iim- 
tcrinl curetted out 

11/ 5/27 

Jan. 1, 1928; Died of 
pressure symptoms 
on brain; emanations 
for 8 hrs. had been 

2 mos. 


•J1T52 

3P31-1 


■12 C 

so 3 


SGTS-l ■iS JJ 


30034 47 84 


8340S 07 300 


27755 

50 

36 

273G8 

39 

36 

24680 

42 

144 

22521 

59 

8 

21549 

62 

24 

1153 

14 

8 

9896 

67 

4 

9223 

45 

60 


Coiniilotc excision with wide 
iniirgln, cautery nnd I'nlfe 

Piece of tumor removed fo3- 
1 owing excision of glands 
in neck nnd recurrence 2 
inos. before; radium 
advised 

Complete dissection of scar, 
sternocleidomastoid mus- 
cle, internal jugular vein 
nnd all glands for recur- 
rence 

Kxeision of tumor 6 jts. 
ago; recurrence 0 mos.; 

0 series of x-ray treat- 
ments 

Complete excision of parotid 
area of skin; knife and 
cautery; 3 x-ray treat- 
ments before of no avail, 
recurrence after second op- 
eration for benign tumor; 
first 23 yrs. ago; second 10 
yrs. ago; facial paralysis, 
b mos. 

Complete e.xcision 

Complete excision with cau- 
tery; parotid gland re- 
moved in toto; division ol 
7th nerve 

Excision of mass posterior 
to parotid gland, into 
neck and about carotid 
artery 

Complete excision with paro- 
tid gland; cautery used 

Complete excision of tumor 
and gland margin with 
cautery 

Complete excision of tumor 
and gland margin with 
cautery; also phenohza- 
tion of tumor bed lor 
recurrence 

Complete excision 

Complete excision; ligation 
of jugular vein for recur 
rence 


5/28/29 
April, 3P2C 

6/17/25 

1924-20 

5/29/24 


of no value 

Sept., 1931: Weli; no 2 yrs. 
recurrence 4 mos. 

Aug. 5, 1910: Death 4 
mos. after operation 
much pain and distress 


May, 1931: Poor health, 
great pain locally; 
recurrence last 3 yrs.; 
anemia, phlebitis left 
leg nnd gastro-intes- 
tinal upset 

Aug., 19S1; Death; Sym. 

carcinoma of large 
intestine; no recur- 
rence of parotid tumor 
following disappear- 
ance on x-ray treatment 
July 29, 1024: Dead 2 mos. 


Feb., 1921 
1 / 6/21 

6/18/14 

11/27/17 

5/18/17 

7/ 5/11 

8/13/09 

9/15/OS 


Aug., 1921: Died 6 mos. 
following operation; 
huge recurrence 

July, 1921: Web: no 6 mos. 
recurrence; incitii 
paralysis 

Aug. 17, 1910; Death; 
suffered a left lieini- 
plegia immediately 
after operation; 
never rallied 

■Well; no recur- 


1021 
rence 

April, 1910: . 
rence; auito di. Cem 
1931: letter returned, 
patient dead; cause 
unknown 

Patient died shortly 
thereafter; cause 
unknown 


4 ITS. 
2 yrs. 


S3 4 


Complete excision 


9ill/0S Oct 


1912; patient died; 

exact cause unknown 
1913: Pccurrence; axil- 
lary mcdlast. o'®*?®' 
tasis in a 

death about 5 ^S. 
following operation 

1931: Well: DO 


3 yrs. 


3 yrs- 


9216 
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Path. 

Xo. 

Durn- 
tion, 
Age Mos. 

Treatment 

Date of 
Operation 

llcsult 

a’lme 

Well 

9120 

45 

40 

Irradiation; tracheotomy 

Feb., 1920 

Ecl>. 24, 1920; Dcatli 

1 mo. following 
Ireatment duo to 
aspiration pneumonia 
and mctastascs 


S771 

57 

s 

Complotc excision "witii gland 
matgin 

2/20/03 

Pcad, date and cause 
unknown 


79G9 

G1 

144 

Excision o£ tumor rvith part 
of car and parotid 

2/21/07 

Sept. 20, 190S: patient 
dead 

lyr. 

0 mos. 

7547 

C2 

12 

Excision of tumor, Intra- 
jugular vein, external ca- 
rotid artery, sternomastoid 
muscle and glands of neck 

9/12/OG 

Feb., lOOS: Death; 
local recurrenco and 
internal metastases 

1 yr. + 

C79S 



Excision of tumor 

1005 

1913: Patient dead; 
cause unknown 

S yrs. 

64GS 

44 

10 

Excision of tumor with por- 
tion of parotid, submaxil- 
lary gland and lymph 
glands of neck 

0/15/05 

1915: Well; tliougb 
local recurrenco 
since 1903 

10 yrs. 

56S6 

G3 

1 

Excision of lymph glands of 
neck; because of involve- 
ment of glands, parotid 
tumor was not touched 

1904 

1905: Death 9 mos. 
after operation; x-ray 
caused parotid to dis- 
appear, but at dentil 
there was marked glnn. 
dular enlargement 
and ascites 

9 mos. 

478G 

58 

2 

Complete excision of tumor 
with glands of neck; ex- 
cision of glands of neck 

3/24/03 
5/ 2/03 

Sept. 15, 1003: Death, 
exact cause unknown 

5 mos. 

4S22 

28 

15 

Excision of tumor with over- 
lying skin, also of gland 
along sternomastoid 
muscle 

0/23/02 

July, 1902: Partial 
facial paralysis; no 
note since 


3187 

31 

5 

Exelslon of tumor of pa- 
rotid and ptienollzatlon, 
secondary to scaly con- 
dition of lobe of ear 

0/29/01 

June 9, 1002: Hccur- 
rence of tumor; 
inoperable 

1 yr. 

2502 

63 

24 

Complete excision of mass 
with parotid tissue and 
lymph glands; facial nerve 
divided 

3/17/99 

Feb., 1900: Death 11 
mos. alter opera- 
tion; obscure gen- 
eral asthenia 

11 mos. 

2132 

74 

1 

Excision of tumor, skin and 
parotid tissue 

3/ 4/93 

Dead; partial facial 
paralysis after 
operation 


1427 

4S 

14 

Excision of recurrent tumor 
and glands of neck 1 mo. 
after first operation 

7/21/90 

1397: Patient dead 1 
yr. after operation; 
cachexia and cere- 



bral symptoms 


to free the nerve, lutt care must be taken to see that it is not at the 
risk of recurrence. As Ochsner pointed out, this is best accomplished 
by making a wide incision so that sufficient exposure is obtained, and 
then if any radicles appear to be adherent to any particular degree a 
proper dissection is more readily carried out. 

A better method of treatment as attested by the results reported here 
is that of complete excision by sharp dissection. If the patient is seen 
early enough and the tumor has not yet become too large, this can be 
done effectively, a margin of healthy tissue about the capsule being 
included. In the smaller growths this gives assurance of a cure and 

39. Ochsner .A J.: Three Cases of Benign Lc.sions of Parotid Gland, Sur- 
C!m. Cliic.ago 3:90o (.'\ug.l 1919. 
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ojlcrs the probability of no attending damage to the seventh nerve, 
ivcn if the mass has reached a rather large size, this method still offers 
hope of success, though there is a greater possibility of facial paralysis. 
In S3 iicrsons treated in this manner, both with benign and with malig- 
nant tumors, there were 72 cures and 1 1 recurrences. Certainl}' this 
is as good a method as one could desire for the primary tumors. It is 
pal ticularl} efficacious when coupled with phenolization or the use of a 
50 per cent solution of zinc chloride. 

1 he most radical method, attended usualh'' with even a higher per- 
centage of cures than the foregoing one, is the use of the cautery to 
excise the tumor completely and widely. There are alwa 3 's much scar- 
ring and mutilation with this method, and practical^ invariably a facial 
paralj'sis. Of course, the percentage of cures is greater than b)" the 
other methods, and it may be the method of choice in the cases of 
recurrent tumors in which there is already a facial paralysis. If the 
tumor bed is thoroughl}- coagulated, there is no necessit}" for the use of 
chemical cauterization, but this may be used as an added precaution. 
\\’’hen it has been used there have been good results. 

Irradiation. — In mixed tumors irradiation in association with oper- 
ation was attempted in 3 cases in this series. In 2 there was benefit, 
although it is doubtful how much credit ma}’- be ascribed to the operation 
and how much to the irradiation. At the Howard Kelly Hospital 
(Baltimore), irradiation of mixed tumors has not been highly successful 
in the past for the following possible reasons: 


1. The tumor cells are too resistant. 

2. The position of the gland in the parotid region does not lend itself 
well to cross-irradiation, so that verj'- heavy doses cannot be adminis- 
tered without great damage to the skin. 

3. Implants of radium may injure the facial nerve because of the 
close proximity of the implants to the nerve. For this reason, in a 
mixed tumor which can definitely be cured bj' complete excision, radium 
is less the in,strument of choice than surgical intervention. 

Large doses of external irradiation with a radium pack just udthin 
the limits of an er 3 rthema dose from several directions over a long 
period of time have been found to be of some benefit in isolated cases. 
In 1 case irradiation was carried out at weekly intervals for six montlis, 
and the tumor mass in that period of time was found to have been 
reduced from 5 cm. to 3 cm. in diameter. Implantation of radon has 
been attempted in some instances with good results over a ^ 

from two to three years. This offers a palliative 
tumors by irradiation, and in those persons who would prefer 
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the chance of operative complications ns exemplified by facial paralysis 
or the much raver salivary fistula, this may he carried out. Mixed 
tumors, however, may resume growth after reacting favorably for a 
time to external or interstitial irradiation. 

In cases of carcinoma of the parotid, irradiation has been found to 
be of distinct advantage. In 1 case, clinically diagnosed as carcinoma, a 
huge infiltrating growth was nonencapsulatcd and attached to the sur- 
rounding structures. This neoplasm involved the whole gland, car and 
mastoid region in a rapidly growing mass. Even the most radical opera- 



Fig. 16 (path. no. 36054). — Lymphosarcoma of parotid gland. A white man of 
47 had a tumor of seven years’ duration which recurred in spite of excision and 
igh voltage roentgen therapy. Four series of high voltage roentgen treatments 
caused the ultimate disappearance of the parotid tumor and the enlarged cervical 
nodes. The patient died five years later of a so-called carcinoma of the large 
intestines. No autopsy was performed. The photomicrograph shows diffuse 
invasion of the parotid gland by typical lymphosarcoma. 

tion offered little prospect of success. This tumor responded to the 
external application of radium. Rapid reduction in size was noted 
within two weeks, and soon the mass disappeared entirely. This patient 
has remained well three years. 

In the series of cases of malignant growths in wdiich radium therapy 
was attempted most of the lesions were advanced and many recurrent 
when the patients were first admitted to this hospital, and the treatment 
was combined with operation. One growth, which had recurred after an 
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incomplete operation, diminished slightly in size, and has been kept 
under control since, -for a period of a year and a half, by repeated 
madiation with radium packs. In 3 cases irradiation proved to be of 
no a^^ail. However, in a case in which there r;^as a recurrence six 
months after radical operation, roentgen therapy caused a disappearance 
of the growth, and the patient remained well for five years and died 
later supposedly of carcinoma of the intestine. Examination of the 
section showed the tumor to be lymphosarcoma (fig. 16). 

The best results so far obtained by irradiation have been with the 
small round, cuboidal or spindle cell carcinoma of Chevassu — a malig- 
nant variant that has frequently been termed sarcoma. These cases 
yield favorably to irradiation, and good results may he seen within two 
weeks. 

Secondar}'' carcinomas of the parotid, particularly such tumors as 
those primary in the testicle and of embi^'onal type, melt rapidly under 
irradiation. Success may also be achieved in squamous cell carcinomas 
invading the parotid from the adjacent areas of skin. 


CHOICE BETWEEN SURGICAL INTERVENTION AND IRRADIATION 

The data on treatment in the present series of cases indicate flic 
value of the judicious use of both irradiation and surgical intervention 
in tumors of the parotid gland. It is important in selecting the mode 
of treatment to distinguish between primary and recurrent tumors and 
between benign mixed tumors and carcinoma of the parotid. In small 
primary benign tumors complete excision b}' sharp dissection is the 
method of choice if this can be accomplished without danger to tlic 
facial nerve. In tumors that are infiltrating and malignant, a prelimi- 
nary course of high voltage roentgen therap}' should lie given and a 
similar course of irradiation in all borderline tumors in which carcinoma 
is suspected. If shrinkage of the tumor occurs, substantiating the ojiiu- 
ion of basal cell cancer, external irradiation should not be continued 
but should be followed b3^ excision. In ail recurrent tumors it would 
seem advisable also to administer a preliminary course of e.xtcriial 
irradiation for a short time (from four to six weeks). This shoul 1 
be followed by excision if the tumor is deemed operable, othenvi.-e 
irradiation may be continued as a palliative measure, and in such ca-’f 
there is no objection to fortifying the treatment by the implnntaUon 
of radon. Where the tumor is under control with external irraduitiou, 
the danger of injur^• to the facial nerve must be considered '(tore 
additional therapy is attempted in the form of surgical jirocediiro n 
interstitial irradiation. 

When e.xcision of benign, recurrent 
attempted, with or without preliminary irradiation, the que.-u < 
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\Yhethev the tumor l)cd following excision should be cauterized or should 
receive irradiation. 

Considering all the available data, the matter of combining roentgen 
therapy and surgical treatment can he summed up for the present as 
follows : Complete excision should be chosen for all benign 0 ])crablc 
tumors and irradiation as a palliative measure in all inoi)erable cases. 
In borderline cases, in recurrent tumors and in carcinoma of the parotid, 
external irradiation should be given as a thera]5eutic test or as pre- 
liminary treatment, followed by excision, reenforced with interstitial 
irradiation of the tumor bed in recurrent or malignant cases. 

PRESERVATION OR SACRII'ICE OF THE EACIAE NERVE 

Besides the alternative between surgical intervention and irradiation, 
the question of preservation of the facial nerve must be kept con- 
stantly in mind in the treatment of parotid tumors. If the tumor is 
primar}’ and benign and excision is determined on, should the operator 
in his dissection complete the removal of the tumor with the inclusion 
of a healthy margin when important nerve radicals j^ass into the tumor 
substance? Or should an attempt be made to spare the nerve by 
bisecting the tumor at this point, peeling it from the nerve and after 
the operation cauterizing the tumor bed with chemical applications such 
as a 50 per cent solution of zinc chloride or implanting radon seeds in 
the tumor bed? The latter procedures ma}' be justified if the major 
radicals supplying the eye and the entire side of the face are involved, 
whereas a lower or less important filament ma}'^ be sacrificed. Whether 
the prevention of deformity is worth the chance of recurrence must be 
decided by the surgeon in charge after a careful consideration of such 
factors as the age and sex of the patient, the social status and the 
microscopic structure of the tumor. In certain cases it may be advisable 
to postpone operation and attempt to control the tumor by external 
irradiation. 

However, in all recurrent tumors and in all rapidly enlarging tumors 
with malignant features, the treatment should aim at eradicating the 
disease without regard to preservation of the nerve. The basis for 
this decision is the almost inevitable sacrifice of the nerve eventually 
with subsequent recurrences. 

SUMMARY 

The greater number of tumors of the parotid gland may readily 
be divided into benign mixed tumors and malignant basal cell neoplasms, 
ihe benign lesions are more frequent (83 per cent), occur in younger 
persons (from 21 to 45 years), have a slower rate of growth (averao-e 
duration, eight years) and are usually circumscribed, firm, rubbery 
growths which on microscopic section have a large amount of connective 



526 


ARCHIVES OF SURGERY 


ti.sHuc and iiiyxoniatous stroma. The malignant lesions are less conanoii 
(17 per cent), usuall}' occur in jDersons over the age of 45 (from 45 to 
65 years), have a more rapid rate of growth (average duration, four 
years) and are adherent, hard or soft growths which on microscopic 
examination have adcnocystic basal cell features. The growths with 
basal cell features are more prone to recur after treatment. The benign 
mixed tumors are not truly mixed tumors but fibro-adenomas of the 
parotid glaiul in which the stroma is acted on by a salivary secretion 
from the adenomatous areas to produce the m 3 ’’xomatous or cartilaginous 
features. 

Both surgical intervention and irradiation have their ])lace in tlie 
treatment of these tumors. Small benign mixed tumors are best treated 
by complete excision with the knife, care being taken to preserve the 
facial nerve. The malignant tumors should be irradiated first and later 
excised if they become operable and freely movable. Otherwise palli- 
ative irradiation should be continued. Following the excision in opcraldc 
cases, interstitial irradiation ma}’ be applied to the tumor bed. 

Assistance was received from Dr. Curtis Biirnam of Baltimore and Dr. Ifiirray 
Copeland, Memorial Hospital, New York City, on the use of irradiation in parotid 
tumors, and Dr. W. C Caldwell compiled the data on the earlier cases recorded 
in this laboratory. 



COMPLETE REMOVAL OF TWO TUMORS OI' TJIE 
THIRD VI'lXTRICLl-: WITH RECOVICRV 

CLLMLXT li. MASSON, M.D. 

Ni:\V VOHK 

The literature pertaining to tumors of tlie third ventricle is Itirgely 
concerned with the various clinical syndromes, postmortem observations 
and histologic studies of the lesions and, only recently, with preoperative 
diagnosis and surgical remow'd of the new growths. It is not my ])ur- 
pose in this paper to give a resume of the literature on the numerous 
clinical syndromes caused by tumors of the third ventricle, which have 
been so abl\- described by Weisenburg and b\- several others.' 

As regards the early diagnosis of these lesions, one finds that the 
injection of air into the ventricles cither by tbc direct or b}'^ the lumbar 
route, as first described by Dandy" in 1918 and 1919, respectively, is 
of the greatest help. Furthermore, the injection of dye into one lateral 
ventricle to determine the patency of the foramina of Monro has also 
contributed to the diagnosis of lesions obstructing one or both of these 
openings. 

The successful treatment in the case herewith reported may not 
be applicable in every instance, so that no claim will be made that the 
technic employed is of general application or that all tumors of the 
third ventricle irrespective of their pathologic character are amenable 
to surgical attack. 

1. Weisenburg, T. H. ; Tumors of the Third Ventricle, with Establishment 
of a Symptom Complex, Brain 33:236, 1910. Richard, J. P. : Tumors in the 
Third Ventricle of the Brain, Tr. Path. Soc., London 37:50, 1885-1886. Edes, 

' Tumors of the Choroid Plexus in the Neighborhood of the Foramen of 
Monro, M. News 52:61, 1888. Mott, F. W., and Barratt, J. O. W. : Three Cases 
of Tumors of the Third Ventricle, Arch. Neurol. & Path., Lab. London County 
sjlum Clayburg, 1900, p. 417. Pollock, Lewis J. : Tumors of the Third Ven- 
J. A. M. A. 64:1903 (June 5) 1915. Bassoe, Peter; Tumors of the Third 
and Fourth Ventricles, ibid. 67:1423 (Nov. 11) 1916. Ross, D. Al. : Notes on a 
Case of Cyst in the Third A^entricle, J. Alent. Sc. 63:252, 1917. Russel, E. C. : 
umor of the Third Ventricle with Unusual Clinical Symptoms, Arch. Neurol. & 
sycuat. 16:251 (Aug.) 1926. Drennan, A. AJ. : Impacted Cyst in the Third 
\cntncle of Brain, Brit. AI. J. 2:47, 1929. Allen, S. S., and Lovell, H. W.; 
umors of the Third Ventricle, Arch. Neurol. & Psychiat. 28:990 (Nov.) 1932. 

the Ti Diagnosis, Localization and Removal of Tumors of 

VentriM. ^ Jo''" Hopkins Hosp. 33:188, 1922; Tumors of the Third 

Comna,t^’ t" Surgery, Hagerstown, Aid., W. F. Prior 

'-ompany, Inc., 1930, vol. 12, chap. 1, p. 614. 
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REPORT OF CASES 

Case l.~Histoiy.~E. W., aged 20, from the neurologic service of Dr. Robert 
\ biieehan, was admitted to Community Hospital on Sept. 23, 1932 and dis- 
charged on November 6. She was referred by Dr. C. S. Mirkin, who liad treated 
Kr since 1930 for headache and tinnitus and nausea and vomiting in the morning. 
Her first symptom was a hammering sensation referred to the left vertex, which 
lasted for several weeks. There was diplopia for about three weeks during the 
first year of illness. In 1930, a lumbar puncture was performed which relieved her 
from all symptoms for one year. With the return of symptoms in November, 1931, 
frontal headaches were more pronounced than they had been previously and were 
noticeably worse a few days before the menstrual periods. The patient recalled 
having fainted three times and ascribed the attacks to her menstrual periods. On 
September 12, her physician performed a lumbar puncture which gave relief from 
S 3 ’mptoms for one week. Owing to the recurrence of symptoms, she was admitted 
to the hospital on September 23. 

As a child she had suffered from measles, whooping cough, diphtheria and scarlet 
fever. Her family historj' did not indicate anj' nervous or mental disease. 



Fig. 1. — A, anteroposterior view showing the absence of a shadow of the third 
ventricle and curved deformities in the mesial inferior extent of both lateral 
ventricles. B, lateral view, showing markedh' dilated lateral ventricles with no 
shadow representing the third ventricle. 


Examination . — The patient was rather delicately built and was fairl) t'C 
nourished, with no abnormal attitudes or deformities. She stood normally wi i 
eyes opened and dosed, but in walking showed a tendency to fall to tic i 
especially on turning to the left. The nonequilibratory tests ga\c , 

The deep reflexes vvere slightly increased in the left upper cxtreniily, m i 
lower e.xtremities thej’ were equally active; there were no ahnorma re c - 
motor and sensory status was normal. The sense of smell was 
showed some blurring of the disks save in a small temporal quadrant, whe ^ _ 
were outlined; the veins were fuller than normal, but not 
acuity was 20/20, and the visual fields showed a ® '8 
spots. The pupils were 5 mm. in diameter and reacted to 
tion. The e.xtra-ocular movements were normal sa\e fo . . k 
right sixth nerve. The fifth and seventh nerves were norm h 
Lndlc ear deafness in the left car; die right car was normal, and 
crania! nerves showed no abnormalities. 
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Lahofaiory li.vnmiiKifioii— The Wood covml. showed :i inoderalc secondary 
anemia. Urinalysis gave negative results. The siiinal llnid was cii)alcsccnl and 
contained 5 cells per cubic niillinieter. The globulin lest was negative: there was 
25 mg. of protein per hundred cubic centimeters of fluid ; the Wasseriuann reaction 
was negative, and the colloidal gold curve was 0-0. The Wasserniann reaction of 
the blood was negative. Isoentgcnograms of the skull demonstrated no ,dmo\ - 
malities other than a thinning of the dorsum sella. J he inanomctiic piessurc of 
the spinal fluid was 580 mm. with the patient in the sitting posture. On October 6, 
roentgenograms taken after the removal of /8 cc. of fluid and the injection 
of 70 cc. of air by the lumbar route showed definitely dilated ventricles with poor 
visualization of the third ventricle. For this reason, ventriculography was carried 
out on October 11, with the patient under local anesthesia, according to the 



Fig. 2. — Lateral view showing the transcortical incision and exposure of the 
right foramen of Monro blocked by the tumor mass. Note that retraction was 
made upward and downward and not posteriorly, which would have endangered 
the motor cortex. The cross-section shows the manner in which the tumor capsule 
was delivered with a bayonet forceps through the enlarged foramen of Monro. 


Frazier technic. The roentgenograms showed dilated lateral ventricles with the 
e t larger than the right. The third ventricle was not shown, for there was a 
club-shaped defect in it, and the anteroposterior view showed a curved deformity 
m each lateral ventricle. These roentgenograms (fig. 1) warranted the diagnosis 
01 a tumor of the third ventricle. 

The results of the ventriculography were both interesting and significant. After 
rcphination was done, the dura was felt to be under slightly increased pressure 
on both sides, and through stab wounds in the dura a brain needle was inserted 
1 C right ventricle at a depth of 6 cm. and into the left at a depth of 4 cm.. 
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with the Joss of a few cubic centimeters of fluid. Two cubic centimeters of indigo 
carmine dye was injected mto the right ventricle and, after several minutes, a 
small amount of blue-tinged cerebrospinal fluid escaped from the needle in the left 
ventricle. Then the flow of blue-tinged fluid stopped, and the remaining fluid 
obtained from the left ventricle was clear and colorless. The fluid obtained from 
the right ventricle was of a deep blue. In all, 75 cc. was removed from the left 
ventricle and 2/ cc. from the right. When a satisfactory replacement of air had 
taken place, the needles were withdrawn and the wounds closed. Since little dye 
entered the left ventricle by way of the foramina of Monro and the third ventricle, 
a ball valve closure of one or of both foramina was indicated. That the obstruction 
was not complete was also borne out by' the patient’s lack of papilledema and of 
signs of marked increased intracranial pressure. 



Fig- 3 . — Low power photomicrograph showing the contents of the cyst. c Is 
filled with cholesterol crystals are seen in an amorphous eosinoplnhc material ; t le 
clefts in many instances are surrounded by giant ceils. 


The history and the few neurologic findings pointed to a m.dlmc le.sion. How- 
ever, the information gained during ventriculography and by j- 

plates led to a definite diagnosis of a tumor of the third ven nde. On OctobcMa, 
with the patient under avertin anesthesia, a right 
down without incident. The dura was tense and not pu sat ng Thro g 
wound in the dura a brain needle was entered into ‘ j , 5 ,„re. 

allowing the escape of air and thereby greatly 
The dura was opened in the antenor upper extent of t c c.vp 
from 3 to 4 cm. Then a vertical incision l.a cm m length w - , 

at right angles to the anterior e.xtent of the hori.on.al incision, expo . 

triangular area of cortex. u-liicb a Iiori 70 !i;.fl 

The larger cortical vessels were controlled by clip . ,-r, ()',r-T.:y 

transcortical incision 3.5 cm. in length was ma e i. 
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Fig. 4. — High power photomicrograph showing squamous epithelium lining the 
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the w^ll^nf ^’’°‘°™''^‘'°S'-aph showing a single layer of epithelium lining most of 
le c\ s , with an infiltrated layer of heavy connective tissue beneath. 
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knife. J he reinniiulcr of Ihc transcortical incision was carried out with blunt disec- 
lon oi)ennip into the anterior c.'ctent of the riglit lateral ventricle. By means of 
jrain retractors, one retracting upward and one downward, a good view of the 
nicsia wall of the right lateral ventricle was obtained, and a little farther pos- 
teriorly an enlarged right foramen of Monro was brought into view. The foramen 
wa.s blocked hy a round, bluish mass together with a piece of choroid plexus 
winch came through the posterior extent of the opening (fig. 2). Several veins 
running along the mesial wall of the ventricle were clipped, and the foramen, 
^\hich w.is 1 cm. in diameter, was enlarged anteriorly for a distance of 1 cm. by 
the use of elcctrocautcry. The choroid plexus was adherent to the capsule of the 
tumor at the foramen of Monro, and before it was free from the tumor a clip 
was placed on the choroid to control bleeding. A stab wound was made into the 
presenting portion of the tumtir, allowing about 2 drachms (7.5 cc.) of dirty, 
greenish-yellow material to exude, which was sucked away. On examination, the 
material was found to be largely crystals of cholesterol. After the greater part of 
the contents of the tumor was removed, that portion of the growth which seemed 
to he free was carefully brought through the enlarged foramen of Monro. A 
pedicle 4 mm. in diameter composed of whitish tissue containing several blood 



Fig. 6. — A snapshot of the patient taken two weeks after operation. The 
arrows indicate the outline of the flap. 


vessels formed its attachment to the floor or to the right lateral wall of the 
third ventricle. The pedicle was clipped, and the tumor cut free. Finally, the 
entire tumor capsule, save for the initial opening made for the purpose of emptying 
its contents, was delivered intact by means of a ba 3 'onet forceps through t ic 
enlarged foramen of Monro. There was no troublesome bleeding throughout the 
procedure, and after free irrigation of the ventricles they were fiHe^ i 
physiologic solution of sodium chloride. The edges of the transcortica mcisio 
were laid in apposition, and the dura was closed with interrupted black sAk sut^c . 
There was no apparent edema of the brain; the intracranial tension ‘ 

and therefore, no decompression was necessarj'. The bone flap wa 
S fo™er portion and w=a dosed in „.o usual n.anne, 
silk sutures. Removal of the tumor was accomplished in a one-stag P 

lasting two and a half hours. winched 

Microscopic Description (figs. 3, 4 and 5).-The specimen 
to a section of the choroid plexus. The wall o the cys was Imed^on its 
surface by epithelium which was from two to our^ a}j epithelial 

areas, where it was seen to be squamous in typ . cuboida! cells, some of 

lining was single-layered and composed of flattened or cuboida 
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which were vacuolated. Many of the cells contained kcratohyalinc granule.s. 
External to the epithelial layer was a band of heavy, collagenous connective 
tissue, which was somewhat edematous, showed many small hemorrhages and nas 
mildly infiltrated by lymphocytes, large monocytes and a few polymorphonuclear 
leukocytes. Within the cyst was a large mass of homogeneous and granular 
eosinophilic material within which were numerous clefts filled with cholesterol 
crystals, the clefts being surrounded in many cases by foreign body giant cells. 
There was an ingrowth of capillaries and connective tissue into this central mass 
from the cyst at one point. In the contents of the cyst were also a considerable 
number of large mononuclear phagocytes containing hemosiderin. The diagnosis 
was epidermoid cyst. 

Course.— Postoperatively, the patient was disoriented as to time but correctly 
oriented as to place and as to person. She talked somewhat irrationally for several 
days but within two weeks was approximately oriented and read the newspaper 
intelligently. The deep reflexes were increased on the left. There were slight left 
lower facial weakness and a decrease in strength of the grip of the left hand. 
However, the motor weakness disappeared at the end of the first week. She 
was able to sit up and walk about her room on the tenth day. On October 31, 
an encephalogram was made, 108 cc. of fluid being removed and an equal amount of 
air injected. With the patient in the sitting posture, the manometric pressure was 
280 mm., which was 300 mm. less than the manometric pressure taken in the same 
manner before the tumor was removed. Air escaped over the cortex, and it was 
impossible to demonstrate any of the ventricles properly. The patient (fig. 6) 
was discharged on November 6 relieved of her former complaints. Her family 
physician reported that on November 21 he found that she had gained weight and 
strength to such an extent that she was able to play the piano for him and showed 
no mental disturbances. On Jan. 11, 1933, she returned to the follow-up clinic 
stating that she felt entirely well and had not felt so well for the past three 
years. There were no signs of organic neurologic involvement ; vision was 20/20, 
and the fields were complete. 

Dr. Cornelius G. Dyke assisted in the roentgenologic studies and Dr. Abner 
Wolf in the histologic work on the tumor that was removed. 


This case demonstrates (1) the value of laboratory procedures in 
the early diagnosis of a tumor of the third ventricle; (2) that a tumor 
of the third ventricle may be removed in a one-stage operation and 
without the sacrifice of a large area of cortex, and (3) that the good 
postoperative result was due to the removal of the lesion before serious 
and irreparable injury to the brain had occurred directly by pressure or 
indirectly through the production of a marked h3drocephalus. 


33, was admitted to the Neurological Institute on April 28 
1-133, and was discharged on June 4. The present illness began in 1928 when the 
patient suffered from severe frontal headaches which lasted a week. She remained 
well until March 5, 1933, when she again suffered from headaches and had a 
senes of convulsions, the details of which were not available. After the convul- 
sions vision began to fail and vomiting occurred irregularly for two weeks Earlv 
m April, she was admitted to another hospital and was seen bv me. Papilledema 
with hemorrhages was present, but no other definite signs were elicited and a 
^cntrlCulogram was decided on to localize the lesion. .Since bv this time the patient 
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felt better A, deft (lie Itosiiftal against advice and attended ta'o other clinics before 

r;, "" ,:'s ,t" 

atKi^ tret troin all syminoms save impaired vision. 

Jhe imticnt's past history was unimportant. She had five healthy children, 
icr father died of pellagra and lier mother died from an unknown cause. One 
/irottior and three sisters are living and well. 


Aenrologic e.vammation revealed a well developed, well nourished woman who 
cooperated well and showed no abnormal attitudes or deformities save a midline 
ahdommal scar of a previous appendectomy. Her gait and station were normal. 
7 here were no changes in coordination ; skilled acts were normally performed, 
aiid there were no abnormal involuntary movements. The deep refle.xes were 
slightlj more active on the left than on the right side. The left lower abdominal 
reflex was the onij’ one obtained. Plantar fle.vion was present, and there were 
no abnormal reflexes present. Afotor power was preserved ; the muscle status was 
normal ; there were no signs of meningeal irritation, and the sensor}' status was 



Fig. 7._ Visual fields on April 28, 1935, before operation: tangent screen, 1 
meter; vision in the left eye, 20/50; in the right eye, 20/40; test object, I nun-, 
white. The test was made in daylight, and the patient gave good cooperation. 


normal. Tlie cranial nerves were normal save for the presence of a papilledema 
of from 2 to 3 diopters. A^ision in the right eye was 20/40, and m the left eje, 
20/50. The visual fields (figs. 7 and 8 ) showed a lower nasal quadrant defect m 
the right field and bilateral enlarged blind spots. 

The patient’s mental status and laboratory status were normal Roentgeno- 
grams of the skull showed the vault to be of average tiuckness and not umi 
Tn size or shape. The floor and dorsum sellae were distinctly ^ -P 
posterior dinoids were slightly atrophic. Both ^ 5 ; s„,aff 

and the cells appeared clear. The pineal body was not J The 

plaque of calcification in the meninges m the left Postenor fro i 
vascular channels and sutures did not appear abnormal. ’ ^ of the 

ridges appeared equal. The impression was that of an uiilocahzable 

brain, as indicated by the atrophic sella. ^,^. 0 - 

Clinically, the patient was considered to have considered nccessar.v. 

tricle or a bifrontal one, and therefore >nject.on of 

A ventriculogram was carried out on May 10, by mean 
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the posterior horns, at which time 55 cc. of flnitl was removed from the right 
ventricle and about 110 cc. from the left ventricle. Air injected into one ventricle 
flowed freely from the needle in the other ventricle. The roentgenograms showed 
that both lateral ventricles were considerably dilated. They occupied their normal 
position. There was a concave margin to the medial aspect of the right lateral 
ventricle, demonstrating how a change in the pressure in one ventricle may alter 
the appearance of the medial aspect of the other ventricle. Only a small amount 
of air was noted in the third ventricle, and this was in the suprapineal recess. 
Both temporal horns appeared to be normal. The atiucduct and fourth ventricle 
were normal, and there was some air in the sulci, particularly over the left 
hemisphere. The impression was that there was a tumor of the third ventricle. 

Since the diagnosis was definite from the laboratory standpoint and since this 
did not contradict the clinical findings, the patient was operated on for a tumor 
of the third ventricle. Only a partial first stage, right osteoplastic flap was 
accomplished under ether anesthesia. A general anesthetic was decided on because 



Fig. 8. — Visual fields on May 29, 1933, after operation : tangent screen, 2 
meters; vision in the left eye, 15/40; in the right eye, ability to count fingers at 
20 feet; test object, 2 mm., white. 

of the patient’s poor cooperation and fatigue following ventriculography. A small 
anteriorly placed right flap was outlined and several trephine openings were made, 
when the patient’s respirations became 60 per minute. The wound was therefore 
closed, and the patient returned to the ward to await a more favorable time to 
complete the operation. 

On Alay 17, the patient was operated on again under local anesthesia. The 
bone flap was reflected without incident, and the dura found under moderately 
increased pressure. A horizontal incision 4 cm. in length was made in the dura 
over the middle of the right frontal lobe, 3 to 4 cm. from the sagittal sinus. The 
posterior e.xtcnt of the incision was well anterior to the motor area. At right 
angles to the anterior end of the dural incision two vertical incisions each 1 cm 
in length were made in the dura upward and downward. This exposed a triangular 
area of cortex with its base directed anteriorly. Two large cortical vessels were 
clipped, and the cortex was incised with a Bovie knife to a depth of 1 cm for 
about the length of the horizontal dural incision. By blunt dissection the remain- 
ing subcortical tissue was incised, and at a depth of 4 cm. the right lateral ventricle 
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... tn cTcI. J o CT.n .-.n exposure brain retractors were inserted, the incised brain 
t.ssne being I, eld upward and downward so that no pressure was made at any 
t.n.e against the motor area. After the riglit lateral ventricle was emptied, the 
right fonnnen of .Afonro was readily seen, and just within was a round plum-colored 
mass Dilated veins coursed along the mesial wall of the ventricle, and these, 
together witli the choroid jilexiis extending forward, entered the foramen. With 
the P.ovie Icnife, the for.amen was enlarged anteriorly by an incision 0.5 cm. in 
deiitli. Several large veins were in danger of being injured, and those adjacent 
to the tumor were clipped. The choroid was found intimately attached to the 
tumor, .nid was cliiipcd in two places as it entered the foramen, allowing the tumor 
to lie cut free hetween the clips. With a bayonet forceps, the tumor was found to 
he more or less cystic, free anteriorly and laterally and adherent posteriorly. 

.•\ stab wound was made in the presenting rounded surface of the tumor mass 
which was loiiiid to he about the size and color of a white grape. The contents 
of the tumor were too gelatinous to flow out, but were carefully scooped out with 
a curet. riien the entire capsule with some of the remaining substance of the 



Plg_ 9. — the flap on the fourteenth postoperative day. R, front view of the 
flap on the day of discharge. 


tumor was gently delivered through the foramen by means of a bayonet forcejis. -A 
few fine adhesions that held the tumor posteriorly gave way with no bleeding as a 

result 

In’ removing cotton wall-offs, a vein anterior to the foramen of Monro was 
injured, which gave troublesome bleeding necessitating numerous cotton pledgets 
irrigation and finally a small piece of muscle to bring it under control. Men a 
bleeding was under control and wall-offs removed, the ventricle "’as ^ 
physiologic solution of sodium chloride and the edges of dje “rt ‘ ' 

allLdl. CO,™ .oscher. The dh„l iod.i.oe were closed 
silk sutures and the flap returned to its former position and closed 
black silk sutures. Throughout the operation which lasted 

minutes, the patient’s condition remained good. Rio at 

prer of the Ift side of her face or her left arm or leg during the opemnon 

any time postoperatively. . pi„k 

Microscopic examination showed about the marg • » .j, 

homogeneous material a narrow band of tissue thrown 
The papillae were covered by one or more lajer.^ o p 
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of vascular fibrous tissue. For the most part this epithelium was cuhoidal and 
lay on a band of connective tissue fibers. In some zones the cpithclitun was col- 
umnar and ciliated and lay on a base of glial fibers. 

The diagnosis was papilloma of mixed ependymal and choroidal origin. 

The patient made an uneventful recovery (fig. 9). On May 23, she demon- 
strated that she could read newspaper print, which she could not do before tlic 
operation, and on May 27, she was allowed to sit by her bedside. Contrary to 
routine instructions in the ward, however, she had been up and walking al)Out on 
the first, fifth and seventh postoperative days because she wanted to go home or 
to wait on some nearby patient. On May 31, while eating her breakfast in bed, 
she became dizzy, fell forward and was unconscious. She said that the bed seemed 
to be tilting backward and that she felt ill for about fifteen minutes. The bone 
flap appeared to be elevated. A lumbar puncture was performed. The initial 
manometric pressure was 280 mm., and after 20 cc. of clear colorless fluid was 
withdrawn, the pressure was 140 mm. On the following day, the manometric 
pressure was 60 mm. No further attacks occurred, and the patient was discharged 
on June 4. She felt very well and showed no mental or neurologic signs. The 
papilledema had receded so that the outlines of the disks were visible. Follow-up 
examinations (the most recent one, September, 1933) have shown that the patient 
remains well. 

In these two cases, the tumors of the third ventricle were success- 
fully removed by the same technic. Both were in the anterior part of 
the third ventricle. In retrospect, it appears to me that a much smaller 
bone flap would answer every purpose, for only a limited extent of the 
dural exposure was used in each instance. It does not matter, there- 
fore, how wide a dural exposure is provided since the tumor and its 
attachment to the third ventricle are just as deeply situated and cannot 
be drawn to the surface until freed. It is imperative that one work 
carefully at a distance. Irrespective of the size of the craniotomy, one 
finds oneself working at a distance from the root, and one has to depend 
on careful technic to be successful. If the lesion is totally extirpated, 
a decompression is not required, since the cause of the increased intra- 
cranial pressure has been removed. 

53 East Sixty-Sixth Street. 



SUPRAIMiKIOSTKAL AND SUBCOSTAL PNEUMONOLYSIS 
VMIH FJLIJNG OF PECTORAL 


MUSCLES 


JOHN ALEXANDER, M.D. 
A.V.V arbor, micii . 


Supvnpcnoalciil and subcostal pnemnonolysis with a filling of the 
I)cc(oraI imiscles may be defined as the freeing of the anterolateral por- 
tions of the iij)i)er ribs from their periosteum and intercostal muscles 
.ind the tucking of the j)ediclcd jjectoral muscles between the bared ribs 
cxteinalh anri the periosteum, intercostal muscles, pleurae and lung 
internally. 

J his ])roccdiire is chiefi}' indicated for cavernous tuberculous or 
nontuberculous lesions that lie between the clavicle and the level of the 
third rib anteriorly. The relaxation and rest of the lung that are pro- 
duced, with or without the aid of hemidiaphragmatic para^sis, tend to 
check the advance of the pulmonary lesions and to close pulmonary 
caA’ities, or to fa\’or the development of fibrous tissue that will do so. 

Classic extrapleural pneumonolysis consists in resection of a portion 
of a I'ib anteriorly or posteriori}', splitting of the deep periosteum and 
manual separation of the parietal pleura from the ribs and intercostal 
muscles. The extrapleural space thus created is then filled with 
paraffin of 51 C. melting point, masses of fat, gauze, air, rubber dam, 
an inflatable rubber bag or the pectoral muscles. Each of these “fillings” 
has its present-da}' advocates. The direct separation of the parietal 
pleura from the thoi-acic wall is a genuinely useful operation. In my 
experience, paraffin has proved to be the most useful substance for 
filling, but it has the obvious disadvantages common to any foreign 
body that is expected to remain in the tissues. Furthermore, stripping 
of the parietal pleura from the thoracic wall may result in dangerous 
tearing of the pleura or pleurae and lung, and because of extrapleural 
inflammatoi'}' adhesions it is not always possible to effect separation to 
the desired extent. 

Shivers,^ Archibald," Goffaerts and de Winther “ and Sebrechts 
have been the chief advocates of the use of pectoral muscles to fill an 
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extrapleural space such as has just been described. Archibald lesccls 
portions of the second, third and fourth rilis anteriorly. Goffacrls and 
de Winther resect the third rib from the sternum to the “axillary line,” 
and after performing pneumonolysis directly over the parietal i^leura they 
make an Incision in the first intercostal space, pull the pectoral muscles 
through this and arrange and fix them ; in a large number of their cases 
a complicating extrapleural effusion caused them to ojren the wound 
widely and to pack it. It must be difficult or impossible to maintain the 
muscles snugly in position at the limits of the extrapleural space, 
especially in the dome of the thoracic cavity. 

The disadvantages and dangers of creating for the pectoral muscles 
a space that lies directly on the parietal pleura prompted me more than 
six years ago to devise the operation that is the subject of this article. 

The indications for it are, broadly, those that govern the use of 
paraffin in extrapleural pneumonolysis. Such simple measures as a fair 
trial of the regimen at the sanatorium, induced pneumothorax and 
perhaps interruption of the phrenic nerve together with scaleniectomy 
should be undertaken before pneumonolysis is resorted to. The pul- 
monary cavity to be closed should be in the upper part of the lung and be 
small or medium-sized, because extrapleural pneumonolysis rarely closes 
a large cavity, but tends to displace it downward. The majority of the 
infiltrative lesions should likewise be limited to the upper part of the 
lung. These conditions being fulfilled, the greatest value of pneumono- 
iysis is for those cases of tuberculosis in which active disease in the oppo- 
site lung contraindicates even partial thoracoplasty. An occasional indi- 
cation exists for patients with a small chronic cavity in whom there is no 
contraindication to thoracoplasty but in whom pneumonolysis appears to 
be a safer operation than thoracoplasty. The safety and effectiveness 
of the modern many-stage extensive thoracoplasty make a partial or 
complete thoracoplasty almost always the preferable operation, provided 
that there is no direct contraindication to it. 

The use of supraperiosteal pectoral pneumonolysis is unfortunately 
limited by certain conditions that do not limit the classic operation of 
pneumonolysis. It is not applicable to cavities that extend above the level 
of the clavicle or to cavities that lie posteriorly rather than antero- 
laterally. The volume of the pectoral muscles must be sufficient to 
relax the diseased lung to the requisite extent, even though some atrophy 
may occur from pressure and disuse in spite of maintenance of the 
muscles’ principal nervous and blood vascular supply. The introduc- 
tion at one operation of a sufficient volume of muscle to close the 
pulmonary cavity is dangerous to a cardiocirculatory system the func- 
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icsci VC of u-h.ch IS insufficient to endure the sudden increase of 
iiifintlioiacic pressure, tins disadvantage is common to thoracoplasty 
pcrlormed in too feu- stages and to all fillings that are used with extra- 
pcuial piieiimonolysis. with the exception of gauze, crumpled rubber dam 
and rubber hags, the volume of which may be gradually increased, but 
at the cost of an opeii wound. In five of my seven patients on whom 
pectoral pneumonol 3 \sis was performed there was surprisingly little 
immediate or dela\-ed reaction to the o])eration. In one patient, who 
was a poor risk from the cardiocirculatory standpoint, the pulse 
was ii legiilai for one da\’ after operation and then became normal. One 
patient died, presumably as the result of pressure on her mediastinum. 
It would appear to he wise to use less than the entire pectoralis major 
as a iilling if it is abiionnallv voluminous and if there is doubt about the 
]xatient’s cardiocirculatoin- reserve. 

It is obvious from the number of restrictions that are placed on the 
indications for suprajiieriosteal pectoral pneumonolysis that relatively few 
]xatients present suitable conditions for it. Since I first used it on 
iMa}- 12. 1927. I ha^-e performed the operation on only seven patients 
among eleven or twelve hundred who have been operated on for tuber- 
culous or nontuberculous suppurative pulmonary disease. The opera- 
tion is. however, sufficienth’- valuable for the occasional patient to justify 
its being reported. 

Its chief advantages are: 1. It is simpler than other methods of 
using the pectoral muscles as a filling after pneumonolysis. 2. The lung 
ma}'’ be freed from the ribs as widely as desired, and its collapse is 
therefore not dependent on the absence of tough extrapleural adhesions. 
which not rarely prei^ent an adequate pulmonary collapse in extra- 
pleural pneuinonolj'sis. 3. There is virtually no danger of wounding the 
pleura and lung, as the pleura is not even exposed. The operation may. 
therefore, be safely used in the presence of partial pneumothorax. 

4. As no rib is resected, the filling is efficiently retained, and the 
expectorating mechanism, which is important in the prevention of stasis 
pneumonia, is but little interfered with. 5. The periosteum of the bared 
ribs is pushed deep into the thorax and presumably forms new ribs 
within approximate!}^ six weeks, which tend to maintain the lung in the 
collapsed position even though the muscles atrophy. 

Lilienthal “ has used temporary supraperiosteal packing after resec- 
tion of ribs. Felix Miller “ and Haight, Harvey and Oughterson ' have 

5. Lilienthal, Howard: Tuberculosis of the Lungs: Apicolysis by Two Dif 
ferent Methods. S. Clin. North America 8:235 (April) 1928. 

6. Miller, Felix: Presentation Before the Texas Surgical ^ocie . 

1930, Collected Proceedings of the Texas Surgical Society, to be pit « ic . 

i. Haight, Cameron: Harvey. S. C, and Oughtcreon. A, W.: ™ , 

ment of Peripheral Lung Abscess: Extrapleural Compression with a Rub 
Yale J. Biol. &- Med. 3:235 (Jan.) 1931. 
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used the principle of my technic hut suhstilutcd an innatahle rubber 
for the pectoral muscles as a filling. 

OPERATIVK TECHNIC 

The operation is performed under gas anesthesia with the patient in about a 
15 degree Trendelenburg position. This aids the pulmonary secretions to gravitate 
toward the mouth and lessens the chance of their entering uninfected portions of 
the lungs. The incision, indicated in figure 1, is made to the pectoral fascia, and 
the skin and subcutaneous fat arc then lifted from the entire surface of the pcc- 



Fig, 1. — Cutaneous incision. The position of chief nerves and vessels (acromio- 
thoracic axis) of the pectoral muscles is indicated. 

toralis major muscle. The costal and sternal, but not the clavicular, portions of 
the pectoralis major are then separated from their origins, and the humeral tendon 
is divided near the bone. The pectoralis minor is then separated from its ribs 
of origin; its insertion into the coracoid need not be divided. Care is taken that 
the principal neurovascular supply of the muscles (the external and internal ante- 
rior thoracic nerves and the pectoral branches of the acromiothoracic axis) is not 
injured because on its integrity as a pedicle depend the viability of the large 
muscular mass and its protection against rapid atrophy. 

The pedicle pectoral muscles are turned upward (fig. 2) and protected with a 
warm moist cloth. Next, the periosteum is stripped from the anterolateral portion 
of those ribs that overlie the cavity and its neighboring lung. In three cases this 
included the second and third ribs and the inferior edge and posterior surface of 




Fig. 2. — ^All of tlie pectorah's major, except its clavicular fibers, has been 
detached from tlie thoracic wall and humerus. The pectoralis minor has been 
detached from the ribs but not from the coracoid process. The chief neuro- 
vascular pedicle of both muscles is intact. Parts of the upper three ribs have been 
freed from tlieir periosteum. The periosteum, the intercostal muscles and the 
underlying lung have been retracted from the bare ribs. 



and tacked in place under the first rib. 
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the first rib (fig. 2). In one case it inclvtdcd also tlic fourth ril); in anoUier case 
only the second, third and fourth ribs were freed, and in two cases only the first 
and second ribs. Separation of the periosteum of titc first rib is facilitated by 
having the arm well abducted; care must be taken not to injure the first portion 
of the axillary vein. The portions of the ribs that have been freed from their 
periosteum undergo gradual atrophy (fig. 5), but in none of my cases have they 
necrosed and sequestrated. 

One of the chief limitations of this operation i.s that it i.s indicated only for 
cavities that do not extend above the clavicle, because separation of the lung and 
pleurae together with a protecting layer of soft tissues is not possible above the 
superior edge of the first rib. If an extrapleural space were to be created between 





Fig. 4.— The pectoralis major was pulled through the first intercostal space, 
downward beneath tlie second and third ribs and out through the third intercostal 
space. Its deep surface was then stitched to the periosteum of the fourth rib 
and the redundant muscle pulled upward beneath the third and second ribs and 
stitched to it.self in the first intercostal space. A drain for serum was placed 
dcpendcnlly in the axilla. 

the first rib and the dome of the thorax, the periosteum of the first rib would need 
to be divided and separation of the lung and pleura from the thoracic wall con- 
tinued in the endothoracic fascial tissue, as in the classic type of extrapleural pneu- 
monoly.sis. Tliis combination of the two types of operation is probably feasible, but 
I have not yet used it. 

After the anterolateral portions of the first, second and tliird ribs have been 
freed from their periosteum, the periosteum and intercostal muscles between the 
fourth rib and the superior edge of the first rib fall far awav from the bare ribs 
Obviously, the volume of the underlying lung is reduced, and tlic walls of the 
contained cavity, if not too rigid, approach one anotlier. 
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ink. rl., T '"to the first 

it in l>I'.'celvhh o!' separated periosteum, and to tack 

[• te-, on I 1 «>• t'vo sutures between it and the unseparafed periosteum 

lakiallt on tlic lower edge of the first rib (fig. 3). 

I he lower edge of the pcctoralis major is seized by two hemostats which have 
been pas.sed upt^•arr!, deep to the bared rfbs, and gently drawn backward by means 
o a wiggling inotion of the hemostats through the first intercostal space, then 
downward behind the bared ribs and in front of the insunken periosteum and inter- 
co.slal muscles, and finally forward through the third intercostal space. The deep 
surface of the muscle is lacked with a few catgut sutures to the periosteum of the 
ujiiier eclge of the fourth rib, and the edge of the muscle is again seized by hemo- 
stats, this time introduced from above, and is drawn upw'ard just behind the third 
and second ribs to the first intercostal space, where it is tacked to itself (fig. 4). 



Fig, 5. — A, a nineteen month old noiituberculous abscess, filled wdth iodized oil, 
in a 53 year old man; 120 cc. of foul sputum was expectorated. The onset was 
gradual, probably secondary to a diseased mouth. Induced pneumothorax was 
unsatisfactory. 5, the area three years after supraperiosteal pectoral pncumonoly- 
sis. There W'as no sputum or .S 3 'niptoms. The upper arrow indicates the spur o 
the regenerated periosteum. The lower arrow points to marked atropin o 
second rib ; the third rib is atrophied to a less extent. 


Beneath the anterolateral portions of the upper three ribs there arc now llw 
pectoralis minor and a double thickness of the pectoralis major muscles. 

Wiggling the pectoralis major through the first intercostal space ca i. < 
fracture of the atrophic second rib in the case of a 56 year old man , us m. 
apparent difference in the postoperative course. drainage of 

A stab incision is made m the posterior cutanMus flap f prcs.^urc 

thirty-six hours' duration, and the cutaneous incision is dose . - - ^ f 

dressing is applied. In none of the seven patients has there been an> miect.o 

the wound. 
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The postoperative care is the same as after a ratlical resection of the lircast, and 

the nltimate function of the arm is tlic same (fig. 7). 

The sudden reduction in volume of the diseased lung causes its secretions to 
flood the bronchi, and it is therefore important that the patient e.Kpcctoratc as com- 
pletely as possible as soon as he awakens on the operating table from the gas 
anesthesia, and that he continue to expectorate freely during the iiostoperalivc 
period. Immediately before operation he should have coughed up all loose sputum. 

Seven patients have Iteen operated on by this teclinic. One, a man 
of 53 with arteriosclerosis, had a foul nontnherculous abscess (fig. 5) 
of nineteen months' duration, twelve months of which he spent in a 
sanatorium. After operation improvement was rapid at first, then 
gradual ; three j’ears after operation the patient had no sputum and was 
apparently cured. On three of the six tuberculous patients the operation 
was intentionally done preliminary to thoracoplasty in order to displace 



Fig. 6. — A, bilateral tuberculosis of seven years’ duration in a 24 i-ear old man. 
there was marked loss of weight, and 150 cc. of sputum positive for tubercle 
bacilli was expectorated. On the left side there is a chain of four cavities between 
the first and fourth ribs anterolaterally. The patient had failed to benefit markedly 
from several residences in sanatoriums. Pneumothorax could not be induced 
because of adhesions. Thoracoplasty was contraindicated because of active tuber- 
culosis in the right lung. B, seven months after supraperiosteal pectoral pneu- 
nionolysis no cavity was visible. Within six months after the operation the patient 
bad gained 35 pounds and during the last four months his sputum had been repeat- 
edly negative for tubercle bacilli. 

a large cavity Ijackward so that the thoracoplasty would have a better 
chance of completely closing it; this expectation was apparently met in 
all three. The extensive and effective thoracoplasty that is used at 
present would rarely need the preliminary aid of pneumonol 3 'sis. 

One of the three remaining patients, for whom the operation was 
used independently, died as a result of the operation, which was the 
third death in the whole scries of seven operations. The patient was 
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.xcfirs old: he was fat. was losing weiglit and had persistent night 
•sweat.s. On anatomic grounds, a thoracoplasty was indicated but was 
1 eared because of doubt about a “fatty heart." Immediately before 
pncunionolysis, the iilood pressure was 104 systolic and 80 diastolic; the 
pubsc rate. 78. and the respiratory rate. 24. Immediately after operation, 
the blood jM-essure was 114 systolic and 82 diastolic; the pulse rate’ 
from 126 to 134, and (he respiratory rate, 42. The pulse continued to 
increase in rate and became of poor quality. Five hours after operation 
the pectoral muscles were removed from beneath the ribs, but without 


Fig. 7. — Patient whose roentgenograms appear in figure 6, three montijs after 
operation. 



causing any improvement, and in spite of the administration of oxtgen 
and carbon dioxide, the patient soon died. There was no necropst'. 

Another patient for whom the operation was used independently 
was 56 years old and had arteriosclerosis, intestinal tuberculosis and 
an anal fistula, d)^spnea, hemoptyses, fever and a rapid pulse He 
expectorated from 150 to 210 cc. of sputum daily and had had pul- 
monary tuberculosis for two and a half years, ^^dlen discharge roin 
the sanatorium seven months after operation, he had gained 20 j)ound.s 
19 Kg.), and a roentgenogram showed great clearing in the tuberen oiis 
infiltration and apparent di.sappearance of the cavity ; the sputum, lou 
ever, had been reduced only to 70 cc. daily and was still iios.tuc 

tubercle bacilli. 
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The last patient (hgs. 6 and 7), 24 years old. had had pulmonai) 
tuberculosis for seven years and had been in sanatoriums on several 
occasions. He had lost much weight and had cxpectoi ated 
150 cc. of sputum daily that was positive for tubercle bacilli. Thirteen 
months after operation he had gained 35 pounds (15.9 Kg.) ; his sputum 
was reduced to 10 cc. daily and wJis repeatedl}' negative for tubercle 
bacilli during the last four months. This patient presented ideal indi- 
cations for the operation. Pneumothorax could not be induced because 
of pleural adhesions. Phrenicectomy alone would almost certainly have 
been insufficient. Thoracoplasty was contraindicated because of active 
tuberculosis in the opposite lung. Extrapleural pneumonolysis with 
paraffin would have been dangerous because the cavities were close to 
the parietal pleura. 

Churchill ® used supraperiosteal pectoral pneumonolysis for three 
patients. The results were at first satisfactory but later “not brilliant,” 
probably, he thought, because of muscular atrophy. 

SUMMARY 

1. Supraperiosteal and subcostal pneumonolysis with a filling of the 
pectoral muscles is the freeing of the anterolateral portions of the 
upper ribs from their periosteum and intercostal muscles and the tuck- 
ing of the pedicled pectoral muscles between the bared ribs externally 
and the periosteum, intercostal muscles, pleurae and lung internally. 

2. The operation is a form of collapse therapy for cavernous tuber- 
culous or nontuberculous pulmonary suppuration. Its indications are 
much the same as those of the classic extrapleural pneumonolysis, with 
certain restrictions imposed by the nature of the operation. The indi- 
cations are relatively few. 

3. The supraperiosteal and subcostal placement of the pectoral 
muscles has important advantages over their placement in a space 
directly next to the parietal pleura: It is simpler; one runs no risk 
of tearing the pleurae and lung; the extent of the pulmonary collapse 
to be produced is readily controllable and is not dependent on the 
absence of tough extrapleural adhesions; as no rib is resected, the 
expectorating mechanism is but little interfered with and so the danger 
of stasis pneumonia is small ; the periosteum of the bared ribs is pushed 
deep into the thorax where it may be exjjected to form new ribs that 
will prevent expansion of the lung when the pectoral muscles atrophy. 

4. The operative technic is described, and experiences (including 
Churchiirs) with ten cases are given. 

8. Qnirdiill. E. D.; The Selection of the Operation for the Patient in Pul- 
nion.iry Tuberculosis. Kew Ensland J. Med. 205:519 (Sept. 10) 1931. 



DIUlvNAL INCONTINENCE IN WOMEN 

.1. THORKWELL WITHERSPOON, M.A. (Oxox.), M.D. 

XEW ORLEANS 

_ J lierc IS a type of urinary incontinence in women, termed diurnal 
incontinence, which usually follows the trauma of childbirth, but which 
presents no visible injury or infection of the bladder, and has no rela- 
tion to vesical fistulas. Ihe onset is slow and insidious, the patient 
rarely being able to determine a definite beginning. The first symptom 
is the esca])e of a few drops of urine when the patient coughs, sneezes 
oi makes any sudden movement which increases abdominal pressure. 

I he condition may progress slowl}^ until a continuous leak is present, 
although occasional!}'' it remains constant; in fact, its limits vary 
between a slight dribbling on exertion to continuous loss, even when 
the patient is recumbent. Few infirmities are productive of so much 
inconvenience, discomfort and mental depression, nor does any other 
physical disability interfere so completely with the present comfort or 
future prospects of its victims. 

It has always seemed strange that a symptom so distressing as 
diurnal incontinence should not be mentioned when it is present. How- 
ever, in older women, especially when the incontinence is only slight, 
the condition is often ignored, unless specifically asked about. Watson 
has commented on the absence of complaint of this condition. In 63 
cases with cystocele, some degree of incontinence of urine was men- 
tioned in onlv 19 histories, but wiien questionnaires were forwarded, 

41 additional complaints were obtained. In 183 cases with cystocele, 
Watson ^ noted urinary incontinence in 120 or 66.1 per cent after detailed 
questioning concerning this specific symi^tom. Taylor has even gone 
so far as to have definite questions regarding incontinence of urine 
l^rinted in the histories. 

Diurnal incontinence should not be confused with fiequenc}' of 
urination, in which there is no wetting of the clothes from urinary 
dribbling or leakage, but increased frequency in the desire to urinate. 
Urgency of urination is also different from incontinence or frequency. 
When the desire to urinate comes, it must be satisfied, even though on 

From the Department of Gynecology, School of Medicine. Tulane Univcr.sit}. 

1. Watson. B. P. : Imperfect Urinary Control Following Childbirth, and Its 
Surgical Treatment, Brit. M. J. 2:566, 1924. 

2. Taylor, H. C. and Watt, C. H. : Incontinence of Urine in Women, . urg.. 
G.vnec. & Obst. 24:296, 1917. 
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some occasions the clothes can scarcely he removed in time. Urgent 
urination often occurs in a normal bladder which is greatly distended, 
or, as is well known, it may result from a mental association with 
urination, running water, etc. With increased frequency and urgency, 
there is always first the desire to urinate, while in incontinence the urine 
passes without any inclination to urinate or even against voluntary effort 
to control it. It is well described as a “leaky bladder.” 

OCCURRENCE 

Diurnal incontinence, although it has been observed in nulliparous 
women, is most common in parous women over 40 j'ears of age 
(Kelly “), and the degree of incontinence is, in general, dependent on 
the number of children. Taylor and Watt - oiler the following figures 
showing its association with an increase in the number of children: 
8 per cent with no children, 14 per cent with from 1 to 3 children, 
25 per cent with from 4 to 6 children and 29 per cent with from 7 to 9 
children. 

In some women this condition develops, however, when there is no 
surgical or obstetric history. It may appear immediately after confine- 
ment with instrumental deliver)'; if it does, as it did in 3 of my cases, 
rest in bed, hot vaginal douches, daily irrigations of the bladder and 
the maintenance of an empty bladder, by either frequent catheteriza- 
tions or an indwelling catheter, will usually result in restoration of 
normal urinary control. 

Contrary to the current belief, diurnal incontinence is not always 
associated with the more obvious forms of genital displacements, cysto- 
ceie or prolapse. In fact, in prolapse the retention of urine, the oppo- 
site of incontinence, is more often observed. Occasionally the patient 
actually has to push the cervix upward before she can urinate. The 
type of incontinence in prolapse, caused by the overflow of retention 
of urine, has a purely mechanical etiology. Often on superficial exami- 
nation the vagina, urethra and bladder grossly appear normal. How- 
ever, if the patient takes a squatting position, and coughs, the typical 
displacement of the urethra and bladder will take place, which, as 
described by Bonney,'* appears as a wheeling of these organs around 
and under the subpubic angle, until, at the height of the movement, the 
urethral meatus is directed upward and forward. Bonney claims that it 
is at this degree of displacement of these organs that the spurt of urine 
occurs. 

. 1 . Kelly, H. .^nd Diimni, \V. M.; Incontinence in Women Without Mani- 
lesl Injury to the Blackicr, Surg.. Gyncc. & Obst. 18:44, 1914. 

4. Uonney. V. ; Diurnal Incontinence of Urine in Women, T. Obst. & Gvnarr 
Hrit. Emp. 30:,t58, 192.i. 
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DIAGNOSIS 

Diaj^niosis is not a!wa 3 ^s easy. It nuist be remembered that urinary 
condo! in women is less certain than in men. Even with actual evidence 
01 net clotiies. one is often impressed with tlie diHicuky to determine 
n-liehier the relaxation is due to disturbance of the nerve contro! to the 
sphincters-, to u’cakness of the muscles or to their injury. In the luil- 
lipai oils woman n-ho has never had an operation, it must be assumed 
t lat tlie incontinence is the result of nerve disturbance or of progressive 
muscular weakness. A\'hen passing- a catheter or instrument into the 
hladdei , one is often impressed with the lack of sphincteric resistance. 
Ibis does not necessarily mean lack of sphincteric control, since there 
exists oil!}' a narrow line between a sphincter which will hold water 
and one which is practicall}' worthless. The slow withdrawal of the 
Pezzer catheter, until it hangs at the neck of the bladder, is probabl}' 
the best means of locating the sphincter, while the sound is more con- 
venient to identif}' an associated cy'Stocele or jM'olapse. 

Tlie endoscope offers a visual method of watching- the function of 
the spliincter while the patient is in the knee-chest position and the 
bladder is distended with water or air. It will be observed that on with- 


drawing the endoscope, the vesical sphincter closes over the end of the 
instrument with its normal tonicity. In diurnal incontinence prompt 
contraction of the sphincter is not generally observed. 

Urinary fistulas, aberrant ureters, cystitis, tabes dorsalis, urethritis, 
trigonitis, spina bifida, and lesions of the central nervous system must 
be ruled out as the source of any organic factor in the etiology of 
diurnal incontinence. 


EXPERIMENTATION 

Bonney * performed the only experimental work in testing the 
strength of the vesical sphincter or the expulsive power of the bladdei 
that was found described in the literature. Measuring the force exerted 
with a -water manometer attached to a catheter inserted in a parti}' filled 
bladder, he told tlie patient to attempt urination and then to cough, hi 
6 patients there was marked I'anation, from 100 to 8 mg. of mercury, in 
the force exerted, while coughing produced only an additional rise ot 
12 mg, in the 3 patients examined. The catheter was again introdiicec 
on!}' as far as the external urethral meatus of an empt}' bladder, u u <- 
the water head pressure was raised to sufficient force to overcome the 
sphincteric contraction and pass into the bladder. In 5 of the 6 patien s 
examined in sitting positions the expulsive force of the bladder was 
o-reater than the pressure required to dilate the sphincter from ic o\\^ 
In general, Bonney’s conclusions ivere that the escape of urine on coii^ 
ing in diurnal incontinence is not. or is only partially, due to t ic in 
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vesical pressure overcoming the sphincter muscle ; it is due rather to some 
interference with the intrinsic sjjhincteric mechanism. He suggests, 
however, that his experiments are too few to allow him to dogmatize. 


ANATOMY 

General anatomic descriptions of the bladder vaiy between excess of 
detail, which is monotonous and confusing, and broad statements, which 
tend toward anatomic inaccuracy. For the sake of clarity, the anatomy 
of the female bladder is outlined under three headings: the bladder 
proper, the vesical supports and the sphincteric control of the bladder. 
The bladder can be described as having a mobile portion, its wall, which 
distends and contracts according to the contents, and a fixed or immo- 
bile part, the trigone, which represents a place of entrance of the ureters, 
of exit of the urethra and of juncture of the muscle walls of the bladder 
looping around the vesicle neck and upper part of the urethra. It is only 
this fixed part, the trigone and base of the bladder, with which I am 
concerned, since, as I shall attempt to show, any relaxation or weakness 
of this part will give rise to the type of incontinence under discussion. 

The most anterior portion of the bladder and trigone rests on a deep 
facial sheath which is attached to the posterior aspect of the pubic bone 
and to the under surface of the fascia of the rectus and pyramidalis 
muscles. If this union is divided when a low, midline incision is made, 
the bladder tends to fall backward, and because of this I make it a 
point, after this type of incision, to anchor, by a special stitch, the 
bladder and its peritoneal fold to its original attachment. This sheath 
runs posteriorly in a horizontal manner, then angulates itself upward 
to be attached to the cervix. The lateral attachment of this sheathlike 
structure is the levator ani muscles and the parametric tissues. Hence 
it is readily seen that the vesical trigone is strongly attached anteriorly, 
and thus assures itself of excellent support, while posteriorly the 
angulated part of the fibromuscular sheath is weak, and its attachment 
to the cervix, a movable organ, does not assure this posterior part of 
the trigone and urethra the same sup[X)rt of fixation as noted anteriorly. 
I stress the weakness of the trigone posteriorl}"^ and its strength 
anteriorly as the main source of diurnal incontinence. The fascial planes 
of cleavage of this sheath are made use of when the bladder is separated 
from the anterior vaginal structures in the performance of an abdominal 
panhysterectomy and in vaginal operations requiring separation of the 
bladder from the anterior vaginal wall. 

It is believed that there are two urinary sphincters in a woman, the 
vesical and the urethral. The former is composed of the smooth muscles 
of the bladder wall, as shown by the blending of the bladder mucosa 
with the vesical structures. Its control is involuntary. However, there 
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i>v'<lissccHn Vr iT S' fi'”ctions, as has been shown 

ter comnS ^ sphincter, the external sphinc- 

. composed of striped or voluntarily controlled muscle, is formed 

<.t the circulatory fibers of the perineal muscles lying in the musculo- 
ascial shcatli already described, and is closely associated with the 
lil)ers of the urethral compressor muscle. In fact, nowhere along the 
urclliral tract are the walls of the urethra thicker than they are at this 
location, being situated between the fascial planes which support the 
trigone. It is a distinct muscular structure, and since it is so firmly 
embedded in the fixed trigonal supports arising from the pubis. I feel 
that its sphincteric powers are one of the main controls of the act 
of mictuiition, and that its proper functioning will prevent diurnal 
incontinence. 


'J’he nerve supply to the bladder is from two sources; 1, The fibers 
of the second, third and fourth sacral roots maintain voluntary control. 
2. i hese fibers mingle with the sympathetic innervation in the superior 
and inferior hypogastric plexuses, which is the source of involuntary 
vesical control ; the nerve fibers from both sources descend along the 
ureters and vesical blood vessels to reach their destination. 


MICTURITION REFLEX 

Before in\-estigating the sphincteric mechanism in diurnal incon- 
tinence, the normal physiology^ of urination and the micturition reflex 
should be examined, since I consider micturition such a complex act 
that any fault in its mechanics mig'ht be more important than an anatomic 
defect. The act of micturition is performed through the reciprocal 
stimulation and inhibition of the vesical sphincters and the bladder 
musculature, aided by' voluntary^ increase of intra-abdominal pressure. 
That there is a voluntaiy and involuntary^ control over emptying the 
bladder is attested not only' in the conscious and unconscious states of 
being, but also by' the infant’s reflex response to its first desire to urinate. 
Later these first demands to urinate are resisted through voluntary 
control through the higher nerve centers. Some recent work suggests 
an intrinsic or automatic nerve mechanism within the bladder walls. 

I should like to stress the complexity of this reflex of micturition. 
No matter what might be the causative mechanism at the onset of 
micturition, once urine begins to pass the sphincteric levels, die imme- 
diate cessation of urination is difficult, since the sphincteric control 
is reflexly inhibited. In this difficulty lies a possible explanation of tic 
unpleasant wetting of the clothes in diurnal incontinence. 


MEClIANISil 

Many theories of the mechanism causing diurnal incontinence arc 
offered. One example is Bonney’s ^ description of the laxity of 
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anterior part of the musculo fascial sheath, so that it yields to sudden 
pressure and allows the bladder to slip behind the symphysis pubis and 
the urethra to fall downward and forward by wheeling round under the 
pubic arc. Bonney, however, offers no explanation of a similar dis- 
placement of these organs without incontinence. I cannot agree with 
Bonney’s idea of the existence of a valvular mechanism at the angle 
of the movable bladder and fixed urethra; no similar mechanical arrange- 
ment is found at the orifice of any other meatus when relaxation occurs. 

Young “ is of the opinion that no incontinence can exist as long as 
the external or voluntary sphincter is intact, and that incontinence can 
occur, as noted by this author, only when sphincteric power is lost. 
Dougal “ supports Young’s theory and adds evidence to this hypothesis 
by noting the maintenance of urinary control in prolapse. Watson ^ 
conforms to a similar belief of the importance of the external sphinc- 
teric control. Stoeckel may be correct in emphasizing the importance 
of obstetric lacerations to the internal sphincter, with resulting restrict- 
ing adhesions, but the importance of this is doubtful because of the 
indifferent sphincteric findings on the cadavers of Grimsdale, and also 
because obstetric maneuvers tend to elevate and push forward the blad- 
der base under the pubis rather than to tear through it. Kowever, the 
possibility of damage to innervation of this sphincter from obstetric 
injuries is not to be overlooked. 

I believe that weakness of the natural fixation of the vesical base 
is an all-important cause in the mechanism of diurnal incontinence. 
The neck of the bladder and upper part of the urethra are attached 
anteriorly to the symphysis pubis by comparatively strong fibrous bands, 
while posteriorly they are incorporated only with the anterior vaginal 
wall, which is prone to become displaced as a result of obstetric injuries. 
Relaxation of the inferior neck of the bladder and posterior urethra 
drags on the anterior vesical supports and forms a type of suspensory 
ligament which causes a funnel-shaped orifice to occur at the internal 
urethral meatus. Yfith such a funnel-shaped relaxation of the internal 
sphincter (ready to pass urine) and with the associated complex mic- 
turition reflex (when once urine is allowed to pass the urethral sphincter 
morc urine flows freely), it is easy to conceive that incontinence would 
be the result of sudden abdominal strain, even though no cystocele were 
present. Wflien the latter condition exists, even in the absence of incon- 
tinence, the musculofascial sheath retains its tension in the region of the 

5. Yoniip, E. I,.: Urinary Incontinence in the Female T A At A 7 q.l 7 i;'? 

(Nov. 18) 1922. • - • /a.l/bA 

6. Dougal. D.: Urinary Incontinence in Women, with Special Reference to 
the Operative Treatment in Young Nulliparae, J. Ohst. &: Gvnaec Brit Emn ^1- 
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neck of the bladder and nretiira, both posteriorly and anteriorly, but 
it is Aveakened over that portion of itself which is angulated on the 
anterior A-aginal wall and which ultimately is inserted into the cervix. 
1 contend, therefore, that the damage causing incontinence alone 
and that causing cystocele alone occur at different places. The former is 
definitely associated with weakness of the posterior aspect of the neck 
of the bladder and the urethra, with the anterior attachments to the 
jnihis remaining intact and thus supporting the base of the bladder by 
the anterior wall of the sphincter; while true cystocele is a bladder 
hernia, protruding between the edges of the separated fascial layer 





a J) KK 

Fig. 1.— normal bladder. B, associated |orn1rom^its 

orifice at the internal urethral meatus. C cystocele; '■e 

pubic attachment and sags posteriorly, ^ j „n-ne after 

D, prolapse; the part of the bladder below the urethra often 

voiding. 

supports, ..d therefore no, necessarily associated with da.nagc of the 

addition to the sphincteric "''“'"““’j' oI 

atrength of the vaginal walls as nnpor tn TosKAr -.d an.criot 

diurnal incontinence. Complete le axc . , jj relaxation of 

vaginal walls will eventually resul ,n „r cys.ocelc 

these walls in various degrees usually g .„„CTior wall is weal;- 

llone or in contbination. If. '-ever ' ^or taintains i.s norn»l 
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force is on the weakened anterior vaginal wall, tending to drag the 
posterior aspect of the base of the bladder and the urethral neck with 
it, since the perineal floor posteriori)- maintains sufficient strength to 
direct forward and anteriorly the plunging action of the cervix. 

That such obstetric injuries can occur only to the anterior vaginal 
wall, while the perineal floor remains com]xaratively normal, is often 
seen in the narrowed angle type of pelvis, in which episiotomy is com- 
mon and too frequently the oncoming head is pushed forward to “save 
the perineal floor." Also, the long tedious labors of women with this 
type of pelvis, compared to the easy delivery of women with a broad- 
angled pelvis, tend to increase injuries to the anterior vaginal wall, 
^Yatson ^ suggested early prophylactic episiotomies in the narrowed arch 
pelves as preventatives to subsequent diurnal incontinence. 

Van Duzen “ dissected the trigonal and urethral tracts of cadavers. 
He found that injuries to the trigonal muscle and separation of it from 
the underlying fascial sheaths posteriorly pi'oduce cystocele. He obtained 
several bladders from women who died shortly after their first delivery, 
and in all those examined there was only partial division of the inter- 
ureteric muscle, whereas in cadavers of multiparous women, the entire 
trigonal muscle was often atrophied, attenuated or even absent. In 
cadavers of younger women this important muscle was partially 
destroyed in all cases after a sufficient lapse of time since the last 
delivery. His natural conclusions were that repair work from obstetric 
injuries on the anterior vaginal wall should be performed as early as 
possible. 

Undoubtedly, local pelvic injury at the time of parturition is con- 
sidered the most important single cause of this deplorable condition, 
and, because of the unfortunate results following delayed repairs after 
confinement, I strongly advocate immediate operation on the posterior 
vaginal wall and repair of the anterior wall as soon as involution has 
taken place. In fact, this is a point that one cannot overemphasize. Too 
often I have seen complete tears into the rectum or vesical-vaginal 
fistulas develop from only partial damage to these parts; but if infection 
sets in untoward results usually follow, or else the irregular scar forma- 
tion gives rise to local pelvic pain or often to abnormal functioning of 
the organs involved. 

TKEATJIENT 

As stated by Young,'' “The records of attempts to cure urinary 
incontinence in the female are interesting illustrations of the inability 
of most men to go straight to the point in working on any problem 
involving a part of the human body.” The history of the various 

/• Van Duzen, R. E. : The Use of the C 3 ’stoscope as a Control in the Diag- 
nosis and Treatment of Cystoceles, Urol. & Cutan. Rev. 36:187, 1932. 
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I’luises of treatment offers many methods, of which the majority are ■ 
more or loss hitile, many ridiculous, and some even dangerous. Con- 
tractile collodion has been painted over the internal meatus, radical 
Ganterization of the urethra has been used, and even paraffin has been 
mjcctcd under the mucosa to insure permanent pressure around the 
lumen of the urethra. Silk stitches har^e been placed around the urethra 
to form an artificial sphincter. Hydrotherapy, in the form of hot or 
cold footlraths anri douches, has proved of no avail. Lumbar puncture 
and injections into the sacral nerve roots have been tried in the hope 
of .stimulating sphincteric action. Tampons and pessaries locally placed 
have always failed, as have drugs. Pressure bandages, dieting, hygienic 
measures, counterirritants by means of blister formation and electricity 
ha\’e been employed. Permanent artificial channels to the bladder have 
been opened from various locations. Advancement of the urethra, by 
a method described by Pawlick and improved b}'- Dudley, resulted in 
4 of 5 cures b}’' the latter author. Frank described partial resection of 
the urethral wall to lessen the circumference of the lumen, while Ger- 
sunv. Pousson and Ries have twisted the urethra and then resutured it 
in its original location. Transplantation of muscles to form new sphinc- 
ters has been dei'ised ; Goebel’s technic, improved by Stoeckel. makes 
use of strips of muscle from the pyramidalis, bringing them dowmvavd 
posterior to the symphysis. Taussig ® has employed the levator ani 
muscles, Deming ^ the gracilis and Novwy the adductor magnus and 
biceps femoris to perform the same function. H. H. Young employs 
both the suprapubic and the periireal approaches in males, but I am 
inclined to believe that suprapubic drainage should be reserved for cases 
in which the vaginal route is teclinically too difficult, that is, when the 
vagina is very small, senile or atrophic, as scar tissue is often jn'esent 
around the base of the bladder. 

In 1914 Kelly I'eported 20 cases with 16 cures in which the 
neck of the bladder was plicated with a mattress suture of fine linen. 
Since this report, other gynecologists have employed Kelly s teclinic 
with minor r'ariations. E. L. Young “ advocated the isolation b\ dis 
section of the torn external ends of the sphincter, and their resuture . 
plication of the vesical neck is thought to be only secondary in 
tance. He cured 18 patients, 100 per cent, by this technic. He descrihed 
the ease with which these torn ends of the sphincter can I^e isolated tuv 


8. Taussig, F. J. : A New Operation for Urinary Incontinence in \\ oin.in In 
Transposing Levator Ani Muscles, Am. J, Obst. & Gynec. 77:881, 1918. 

9. Deming, C L. : Transplantation of Gracilis Muscle for Incontinence 

Urine, J. A. AL A. 86:822 (Alarch 20) 1926. . , - „ 

10. Young, H. H. : Operation for the Owe of Urinary Incontmenc , 

Gynec. & Obst. 28. -84, 1919. 
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dclincd. altlioiii^Ii in iny own experience. I llnd their isolation next to 
impossible, and often Iiesitatc to searcii for them for fear of destrot’ing 
adjacent tissue whicli is Iielpful in .sphincteric approximation from 
fascial snjiiiort. 

Bonney's original treatment, supported hy Berlceley, of tautening 
the vesical spliinctcr seems rather practical, but now these authorities 
arc of the opinion that the only im]>ortant consideration is strengthening 
the anterior portion of the fihromuscular sheath. They consider the 
overfolding of the periurethral tissue to be far less im])ortant at present, 
since their belief is that true diurnal incontinence is the re.sult of relaxa- 
tion of the anterior portion of the musculofascial sheath, and. in 
consequence, the only cure of this malady is the tightening of this 
weakened support anteriorly. 

The operative technic which I have followed is similar to that advo- 
cated by Kelly, ^^'ith the patient in the lithotomy ])osition, an annular 



Fig. 2. — Method of insertion of mattress suture at the bladder neck. The first 
suture is tied. 


incision is made around the anterior lip of the cervix at its vaginal 
junction, and a median incision is carried anteriorly at right angles 
toward the external urethral orifice. The anterior vaginal structures are 
separated from the bladder sufficiently posteriorly to expose the bladder 
base and upper urethral neck, the locations of which can be determined 
hy palpation with the use of a Pezzer catheter inserted in the bladder. 
By gentle traction on the catheter, and with one finger against the 
urethral neck, the location of the sphincter is noted as the structure 
just anterior to the “point of hang” of the catheter on its withdrawal. 
The actual determination of the location of the external sphincter is 
essential to insure good postoperative results and to prevent urethral 
uijuiies. I do not try, however, to isolate the torn ends of the sphincter, 
suice, as I said before, too much dissection in this region may^ result in 
^iKreased destruction of sphincteric tissue, or penetration into the blad- 
' ^*id urethra. I exercise great caution in operating on elderly women 
'use sphincteric muscle is mainly' fibrous tissue, and consequently more 
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clifficll 10 (ind a„d easier to destroy. The aim of the operation is to 
iCit uo tieis of mattress sutures so as to include and imbricate on 
leniselvcs the tissues of, and adjacent to, the neck of the bladder, the 
-sp iincler imiscle and the posterior urethra, so that these surrounding 
rihroniuscular tissues arc enfolded on themselves against the Boor of 
the posterior urethra. In consequence, the urethral lumen is narrowed 
fiom side to side at this point. The adjacent tissues are sufficiently 
secured so that a fixed “point d’appui” is reestablished from which the 
sj)hincter can act. Indeed, if one plicates where one thinks the neck of 


the hladdei ought to he, and restores it to its normal location, the result- 
ing cine of incontinence is usually obtained. No undue tension should 
be made on the sutures, as sloughing ma}' result. An important, stitch 
is the suture on the neck of the bladder to insure additional narrowing 
ol the urethral orifice superior to the sphincter; but the exact location 
ol this suture is not always easy'. I make a point of saving as much as 
possible of the musculofascial sheath, and imbricate it on itself. Only 
the vaginal mucosal edges are trimmed. 

If more extensive injuries, as cy'stocele, are associated, it is as neces- 
sary to repair the sphincteric control as it is to reestablish the normal 
position of the bladder. Unfortunately, this is a fact frequently 
neglected and is usually' responsible for the persistence of incontinence 
after the usual type of anterior colporrhaphy. In the combined condition 
of incontinence and cy'stocele, in addition to plication of the bladder and 
urethral neck, 1 imbricate the remnants of the overlying fascia all the 
u'ay* down to the cervix in order to a.ssnre additional vesical support. 

Tlie Watkins interposition operation is well chosen in cases of 


cystocele and prolapse associated with incontinence, in which the senile 
atrophy' of the musculofascial sheath makes its separation from tiie 
vaginal mucosa and bladder a difficult procedure. This operation b 
especially helpful in large, flaccid atonic bladders. A perineorrhaphy- m 
combination with any of the operations mentioned is most important, 
hut such additional support is not always offered. Restoration of all 
the injured pelvic parts as nearly as possible to their original appearance 
is the ideal, and so additional support from a repaired ptdvic floor 
tends to relieve part of the strain that otherwise would be borne by the 


anterior vaginal wall. _ . 

Too often the repaired perineum is asked to supply more t lan 

simre of support, in fact the whole support, and I cannot 
Strongly the simple perineorrhaphy, done all too freqiicn y . 
incontinence. Such operative procedure is only short of 
and has its foundations built on anatomic ignorance, surgica 

and poor judgment. 
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In associated lihroinyomatous ijrowtli.s. any drag In’ the lumtn’ 
through the anterior vaginal wall on the s\)hinclcric control should he 
relieved if the incontinence is expected to he cured. 

The effect of suhsequent prcgnanc\’ and confinement on the per- 
manence of urinary control following incontinence, once it has heen 
established hy surgical means, is still an o])cn question, and my 
experience has heen too limited to offer any definite results. 

In the rare case in which the operative risk is too great to otfer 
surgical aid. I use a soft ring pessaiy which I find more heljiful than 
any other procedure. This support is inadequate, hut fortunately such 
cases are rare, and the use of the j^essaiu’ is correspondingly infrequent. 

POSTOPERATIVE CARE 

The most important postoperative care is avoidance of infec- 
tion and overdistention of the bladder. The choice of methods for 
such treatment is insertion of an indwelling catheter at the 
time of operation or frequent catheterizations, every six or eight 
hours postoperative!}’. I prefer the former, and leave the catheter in 
place for from six to eight days, since I find less infection and quieter 
convalescence with this method. After the fifth day, if all is going well, 
I frequently have the catheter clamped intermittently in order to permit 
the bladder to accustom itself to its future work, so to speak. It is wise 
to catheterize the patient after her first normal voiding to insure that 
there is not too great a residuum of urine, possibly caused by a too snug 
suture. A small amount of residual urine often occurs, which usually 
disappears within a week. 

Many authorities favor frequent catheterizations over the indwelling 
catheter. Results reported in the literature do not offer evidence definite 
enough to substantiate one method in favor of the other. However, I 
am inclined to feel that the nursing care is an important feature in 
either method. If the indwelling catheter is allowed to become dirty 
or plugged so as to obstruct the urinary flow, ideal results are not 
obtainable; whereas if frequent catheterizations are performed indif- 
ferently, so as to stretch the newly sutured sphincteric area, or if they 
are performed without strict aseptic precautions, untoward results ma}- 
follow. 

CURES 

The cures resulting from the different types of operations varv 
between wide limits; Watson^ reported 66 per cent cures in 105 cases'; 
Kelly, 80 per cent in 20 cases, Furniss,” SO per cent in 21 cases, and 

n. Furniss. H. D. : Urinary Incontinence in Women, S. Clin. North America 

5 : 2 - 19 , 1922 , --inicin-d 



560 


ARCHIVES OF SURGERY 


L. L. d oling,'’ 100 per cent in 18 cases. M\' own statistics, based on 
tliirt 3 ^-four cases of multiparous women, are offered in the following 
table ; 

Data hi Author's Cases 


.Age Years 

Ulilost Co 

Average 42.6 

Youngest 25 

Instruiiicntnl deliveries 11 ( 33 %) 

.A.ssoelated e.v.stocelc 15 (44%) 

.As.-ioeiated rcctoeelo 16 (47%) 


T.vjie.e of operations 

Kelly tecimic 

Perlneorrhapliy 

Vaginal hysterectomy.. 
Watldn’.s Interpo.sltlon. 
Repair of complete tear 

Results 

Curcil 

Improved 

Unimproved 

Undctcr-mined 


29 

25 

3 

2 

1 


14 

5 

2 

13 


CONCLUSIONS 

Diurnal incontinence is a most distressing condition, and m view 
of the fact that the operation advocated for the cure of this discomfor 
is not difficult, the extent to Avhich its use has been neglected is amazing. 
.Some of the most grateful patients are those who have been helpe^ }' 
operation. In the majority of cases of urinary incontinence, especia y 
in multiparous women, the condition can be cured or, at any rate, relievec 
by operation. Undoubtedly many single women are allowed to go oi 
suffering from this ailment because no obvious lesion can be foun , 
the disability is attributed to a neurosis. A neurotic element is prese 
in some cases, especially in the mtlliparo.is girl, in whom armary coni 
is sensitive to nerve influence ; but the real cause usna l y hes ' 
ness of the sphincteric mechanism, Avhich can be dealt am 
iiy the surgical methods advocated m this paper. 

1640 Arabella Street. 



AVULSION OF THE EPIPHYSIS OF THE SMALL 

TROCHANTER 

DOX KING, M.D. 

AKN AKBOR, MlCll. 

Isolated avulsion of the small trochanter is uncommon, only sixty- 
one cases having been reported in the literature. I have i ecently 
observed a case, and wish to report it, in conjunction with the essential 
facts derived from a study of the sixty-one previously reported cases. 

REPORT OF A CASE 

Hufory.— A colored boy, aged 14 years, came to the clinic on June 8, 1932, 
complaining of pain in the upper medial third of the right thigh and stiffness of 
the right hip. He stated that the day before, during a ball game, he had made a 
quick stop on approaching a base. As he did this, the trunk was suddenly hyper- 
e-xtended on the lower extremities. He felt something give way in the right thigh ; 
this was accompanied by sharp pain and a fall to the ground. He had to be 
helped to his feet but found that he could walk unaided by “holding the hip stiff.” 
This could not be accomplished, however, without considerable pain. On reaching 
home, he immediately went to bed. There was no pain when he was lying quiet 
with the hip flexed. The following morning he was able to get up and walk to 
the clinic. 

Examination. — Station and Gait: When the patient was standing, the weight 
was carried mainly on the left leg, the right knee and hip being held in slight 
flexion. In walking, the right hip was held rigid, and the trunk was bent forward 
at the hips. 

Supine Position : The right hip was held in 30 degrees of flexion. There was 
no visible swelling, ecchymosis or deformity due to external rotation. There was 
severe tenderness to pressure over the small trochanter in the upper third of the 
mesial aspect of the thigh, but there was no shortening of the extremity, and 
manipulation elicited no crepitus. A full range of flexion and rotation at the hip 
joint could be elicited passively, if great care was used in the manipulation. The 
movements of abduction and extension were limited by pain and spasm in the 
muscles. The patient could actively flex the thigh while lying on his back, but 
not while seated on the edge of the table with the legs hanging over the side 
(Ludloff’s sign). The clinical diagnosis of avulsion of the small trochanter was 
confirmed by the roentgenogram (figure). 

Trcnfmciif.— On the day of admission (June 8, 1932) a hip spica was applied, 
with the affected thigh in a position of 45 degrees of flexion and mild abduction. 
After three weeks the cast was removed, and brine baths were started. These 
were given for four days, following which the patient was allowed to walk. There 

From the Department ot Surgery. University of Michigan. 
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wns a inilcl liinp for a week, but when the patient was last seen (Aug. 18 IM?) 

nine weeks after tl,c injur 3 ', the gait was nor, ml, and the clinical examination 
sliowecl nothing of note. 


ANATOJIY 

J lie psoas iiiajot muscle arises from the transverse processes and the 
Icitejal sill faces of tlie bodies and disks of the five lumbar A'ertebrae. 
1 lie iliacus muscle arises from the iliac crest, from the anterolateral por- 
tion of the anterior surface of the sacrum and from the greater portion 
of the iliac fossa. From these extensive areas of origin the fibers of the 
two muscles converge downward, forward and lateralward to a small 
area of insertion on the small trochanter and on the surface of the 
femur immediate!}" distal to the trochanter. Flexion at the hip joints is 
produced h}" the iliopsoas muscles. When the trunk is fixed, contraction 



B, 


A shows typical upward and medial displacement of the avulsed epiply'sis. hi 
taken five weeks after the accident, the epiphysis is firmly united to the shaft. 


of the iliopsoas muscles flexes the thighs, and when the thighs are fi.xe , 
their contraction flexes the trunk. The power required to effect tliese 
movements is considerable, and hence the pull on the small trochanter 
must at times be very great. 

The center of ossification for the small trochanter appears at about 
the twelfth year of age and unites with the shaft at about the eighteent i 

year. 

ETIOLOGY AND PATHOLOGY 


Predtsposmg and Immediate Cai/jm.— I solated fracture of the smafl 
trochanter occurs almost exclusively in boys between the ° 
and 17 (table 1). The right thigh is almost twice as ^ 

as the left. The fracture often occurs in athletic activities. • 

person runs or makes a sudden stop while running, t ic pu 
epiphysis from contraction of the iliopsoas muscles is so grea 



Kixc—.irri.siox or small trociiaxtiir 


56.3 


small trocliantcr is at limc.s aviilsctl. 'I'lic fracture is also often ])rocliicecl 
as follows : Sometimes, while standint; or nmning. a boy loses his bal- 
ance, and in order to restore equilibrium, he suddenly hypcre.xtcncls the 
trurik on the thighs, thus avulsing the trochanter. 

Owing to the depth of the overlying soft ti.ssues. and to the situation 
of the trochanter on the internal a.spect of the ujiper ])art of the femur, 

Table 1. — lucidcncc of . Iriilsion of the Epiphysis of the Small Trochanter 


Sex 

Males 

Females 2 

^nkno^Tn 1 


Ape 


Side AlTcctcd 


Oldest. 


Total. 


(•2 


Age 

13.. . 

1 - 1 .. 

1C., 

17.. 



niRlit 

.. 33 

s yciirs 

J.eft 

.. 19 

S7 5 'cnrs 

Not Kfrcn 

10 

19 years 

Total 

.. C2 

md 17 Years of 

Age, ns Follows: 



Number of Cases 


G 



11 

11 

fi 

S 


Total, 


42 


Table 2. — Summary of the Methods of Treotmenf and of the End~Rcsnhs 

in 50 Cases 


Mimber of patients on whom I have data as to the end-results of treatment 30 

Aumber of patients who completely recovered 40 

Aumbor ol patients who died during treatment 4* 

Treatment employed to secure the liigh percentage of cures (4C of 50 = 92%) 

Traction and rest in bed 5 

Kest in bed with sandbags to hold the hip in flexion 14 

Hip spica with hip in flexion (varying degrees of abduction or adduction) 19 

Operation (wiring epiphysis to shaft) 1 

Adhesive strapping 1 

Rest in bed only 3 

Rest in bed with limb immobilized in flexion in Thomas splint 1 

Ao treatment 2 

Total 


the patients who died were: (1) a greatly debilitated man, aged S2, who entered 

aged m after injury and died on the same day (Juillard, 1879); (2) a b 03 % 

revealpd ^ sepsis after receiving some “hard kicks in the buttocks”; autopsy 

and trochanter (probably pathologic), complicated by infected hematoma 

atUr nnpr^+s^ ^ 1854); (3) a boy, aged 17 years, who died of septicemia fourteen days 

ob?prvPd ?? (Fenwick; reported by Hutchinson, according to Ross); (4) a child, aged 8 years, 
I oy L-arthy; the case was cited by Ruhl, but no further details were given. 


racture by direct violence does not occur. For the same reason, the 
racture is always a simple one. Several cases produced by indirect 
jce have, however, been recorded. Hoch’s ^ patient was struck by a 
chim ney piece, while the patients of Naegeli,^ Peggar,® Gray ^ 

T '“kir. 97:405, 1909. 

Nacgcli; Beitr. z. klin. Chir. 77:242, 1912, 

' • leggar: Beitr. z. klin. Chir. 81:138, 1912. 

• kray: J. Roy. Army M. Corps 18:578, 1912. 
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the ' sustained the fracture by falling with the full weight on 

Pathology.— A large majority of the rqjorted cases of isolated frac- 
ture of the small trochanter are in reality cases of epiphj^seal separa- 
tion. The. ej^ijihyseal displacement is always in the same direction, 
upward and niedialward. toward the adductor region. In older peo- 
ple, in u'hom the epiphysis is finni)' fused, the trochanter is torn from 
tlie shaft, carrying with it a piece of the femoral cortex (six of fifty- 
nine cases). In such instances the trochanter is occasionally broken 
into several pieces. 


DIAGNOSIS AND TREATMENT ' ' 


SyiiiptoiDs and Sig)is.— -When a person is running, suddenly stop- 
ping or attempting to restore a lost equilibrium he feels a sharp, severe 
pain in the upper medial third of the thigh. A feeling of something 
tearing is not uncommon >, The patient often falls to the ground but 
usually can arise and, by “holding the hip stiff,” walk unaided. Some 
of these patients have been able to walk' backward better than forward. 
As the insertion of the hip-flexor muscle is incompletely torn away, 
the result is partial or complete disability of the hip-flexor mechanism. 
There is a loss of abilit3' to flex the thigh actively when the patient is 
seated on the edge of a table, but when he is lying supine, active flexion 
of the thigh is possible because of the quadriceps extensor mechanism. 
This sign (Ludloff) is present in a high percentage of cases and can 
be considered diagnostic. Flexion deformity of the hip is commonly 
present, buf there is no true shortening, and ordinaril;- there is no 
visible ecchymosis. A hematoma is often deepl)' palpable on the medial 
aspect of the ujoper part of the thigh, and tenderness to pressure is 
marked over the small trochanter. If the thigh is moved slowli" and 
handled gently, the full range of flexion and rotation at the hip joint 
can be obtained, but abduction and extension are limited by spasm and 
pain in the muscles. 

Differential Diagnosis . — The age of the patient and the absence of 
deformity due to external rotation, crepitus and shortening serve to 
differentiate this lesion from fracture of the femoral neck. A con- 


tusion of the soft tissues in this region is differentiated by the histor\ 
of direct trauma, by the presence of a full range of motion in the hi[; 


joint and by the absence of the Ludloft sign. 

Prognosis and Treatment.— The end-result is given in the liistone.- 
of fifty of the sixty-one cases reported in the literature. Forty-six ol 
this number are credited with a perfect result. The different met wc s 
of treatment emplojmd to obtain this result var_\ from no treat) 


5. Heath, O.: Proc. Roy. Soc. ifed. (Sect. Orthop.) 16)12, 1923. 
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(two cases) to open reduction (one case), and arc listed in table 2. 
This table shows that the avulsed epiphysis will heal, no matter what 
form of treatment is used. Even though roentgenograms reveal the 
fragment considerably displaced, the intervening space between the shaft 
and the trochanter always fills in with callus, and a perfect union results. 

COMAtENT 

I think that the most logical method of treatment is fixation of the 
affected thigh in 45 degrees of flexion by a hip spica. This position 
approximates the fragments and relaxes the iliopsoas muscle. I believe 
that the cast should extend to just below the knee, with the extremity 
neutral as to rotation and abduction. After three weeks of immobiliza- 
tion, union is firm and bearing of the full weight may be rapidly 
accomplished. 

SUMMARY . 

1. Isolated fracture of the minor trochanter is uncommon, my case 
being the sixty-second to be reported. 

2. In practically all cases, it is an avulsion of the epiphysis. It 
occurs almost exclusively in boys between the ages of 12 and 18, the 
time during which the epiphysis develops. 

3. It might well be termed a “sport injury.” 

4. Diagnosis can be made on the basis of the histor)’’ and the physical 
findings. An important sign is the patient’s inability to flex the thigh 
actively when he is seated on the edge of a table, although there is 
retention of active flexion when he is supine (Ludloff’s sign). 

5. The characteristic displacement of the avulsed epiphysis is upward 
and inedialward. 

6. Perfect healing 'with no loss of function was reported in 92 per 
cent of a series of fifty instances collected from the literature. A wide 
variety of methods of treatment were used. 

7. Treatment consists in three weeks of immobilization of the thigh 
in flexion, preferably in a plaster cast. 

8. No further manipulation or operation is indicated, even though 
m the roentgenogram the epiphysis appears rather widely separated 
from the shaft. 



INTRAMURAL EXTENSION OF GASTRIC CARCINOMA 
ADRIEN YERBRUGGHEN, M.B., Ch.M., AI.S. 

CHICAGO 


When performing extensive resections for carcinoma of the stomach, 
one of the most important considerations is to resect clear of the growth. 

In tliis paper it is proposed to show how a general estimate can be 
made of the probable extension of any given carcinoma into and through 
the gastric wall. The problem must have presented itself first to Bill- 
roth, the originator of resection of the stomach, for Giiinard ^ quoted 
von Eiselsberg as saying that in Billroth’s clinic the resected portion 
extended several centimeters bej'ond the growth. Alikulicz - advocated 
removal of from 5 to 10 mm. of duodenum and from 5 to 10 cm, of 
apparently healthy stomach, but in a well defined tumor he thought that 
removal of from 1 to 2 cm. of apparently healthy stomach was sufficient. 
Czerny ^ was more moderate, and advocated removal of 3 cm. of 
apparently healthy tissue. Guinard himself thought that in well circum- 
scribed tumors the resected portion should include 2 or 3 cm. of healthy 
stomach, but that in the infiltrating type of tumor practically the whole 
viscus should be removed. 

In 1900 Cuneo ^ made the first extensive study of the manner of 
invasion of the wall by carcinoma of the stomach. He noted that the 
submucosa is invaded earl}^, that it is im'aded to a greater extent than 
the mucosa, and that at still greater distance from the tumor there are 
carcinomatous lymphatic structures which cannot be detected except by 
the microscope. He reported the general tendency of carcinoma of the 
stomach to spread toward the lesser curvature and to involve the various 


Thesis submitted to the faculty of the Graduate School of the University of 
Minnesota in partial fulfilment of the requirements for the degree of Nastcr of 
Science in Surgerj^ November, 1931. Work done while a Fellow in Surgerj, the 

Mayo Foundation, Rochester, Minn. -re' 

1. Guinard, U. : La cure chirurgicale du cancer de I'estoniac, Paris, G. Stein- 
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2. Mikulicz, J. ; . Beitrage zur Technik der Operation dcs Magcncarcinoii 

Arch. f. klin. Chir. 57:523, 1898. ^ ^ p 
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phatiques de I’estomac (etude anatomique et histologique). J- ■ • - 
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groups of lymph nodes. He also recognized that the mucosa of the 
stomach passed through a polyadenomatous stage to carcinoma ; and in 
this respect, his paper supports the later contentions of MacCarty and 
of Cheatle.® 

There is no later paper on the spread of carcinoma in the stomach 
than that of Cuneo; however, similar studies of the breast have been 
carried on by Handley ' and by Cheatle,® and on the rectum by Hand- 
le}^® Cheatle ^ and Cole.^” 

I took up the problem in the same manner as Cuneo, and my work 
was near completion before I read his paper. However, I hope to con- 
firm and to extend his observations. Recent suggestions in regard to 
the grading of carcinoma and to the manner of its extension in the 
face of fibrosis and lymphocytosis reveal some interesting facts when 
applied to a study of the extension of carcinoma of the stomach. 


MATERIAL AND METHOD 

The fifty specimens used in this study were removed at the Mayo Clinic between 
January, 1927, and May, 1928. The cases were taken in rotation except when, for 
some reason, the specimen was unsuitable for study. Certain specimens had been 
cut so that they were unsuitable, and others had been utilized by fellow investiga- 
tors. The type of material used can be seen by reference to table 1. The pre- 
operative diagnosis follows : gastric carcinoma, forty cases ; gastric ulcer, three ; 
multiple polyps, two; obstructive lesions, two; benign tumor of the stomach, one; 
deformity of the stomach, one, and pyloric lesion, one. 

Each specimen was subjected to the following examination and procedure: 

Macroscopic Examination and Description. — ^The result of this examination 
will be seen in table 1. The presence or absence of involvement of nodes was 
noted at this examination, which is the routine adopted in handling all specimens 
surgically removed at the Mayo Clinic. 

Cutting of Block from Tumor on Lesser Curvature. — The blocks were cut 
from this part of the stomach for two reasons: First, it is in this situation that 
the surgeon finds most difficulty in obtaining sufficient healthy tissue for his resec- 
tions, and at this spot the line of resection passes closest to the tumor, and conse- 


5. ^lacCarty, W. C., and liable, A. E. : Relation of Differentiation and 
Lymphocytic Infiltration to Postoperative Longevity in Gastric Carcinoma, J. Lab 
& Clin. Med. 6:473 (June) 1921. 

6. Cheatle, G. L. ; Desquamative and Dysgenetic Epithelial Hvperplasias in 
the Breast, Brit. J. Surg. 13:509 (Jan.) 1926. 

7. Handley. W. S.: The Surgery of the Lvmphatic System, Brit M J l-p?? 
(April 16) 1910. 

8. Handley, . S.; Recent Advances in the Surgical Treatment of Some 
Forms of Cancer, Univ. M. Rec., London 1:385 (May) 1922. 

9. Cheatle, G. L. : The Spread of Cancer in the Lower Part of the Larce 
Imestinc, Brit. M. J. 1:303 (Feb.-7) 1914. 

10. Cole, P. P.; The Intramural Spread of Rectal Carcinoma Brit M T 1- 

■131 (March 1) 1913. • ’ • - • J- -i- 
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Case 


Dpscrlplloii of the 
I'lUlioIoKlc Condition 


s 

0 

]0 

n 

12 

in 

14 

15 

10 

17 

IS 

10 

20 

21 

22 

23 

24 

25 
20 
27 
2S 

29 

30 


1 H niii. stoimicli nnd duodenum; — 

ndrnocnrcSnoinn (S by 4 )>.v l.S 
cm.) wltli nodes Inflnininntory; 
cndodieiliit liyporidiisln 

2 14 cm. stoimiflr, cnrclnoma (4 

Py by 2 cm.) 

C'lirclnoiim, prude I (0 liy 0 by 

3 cm.) wUb Involvement ot 
scro.“(i 

4 II cm. stomncli; fidcnocnrclnomn 

(7 by 5 by 2 cm.) 

5 12 cm. slomiicli; ndonoeolloid 

enreinomn (O l>y "> by 1.5 cm.) 

C 13 cm. stomiicb; ndenoenreinoma 
(4 by 4 by 1 cm.) ivitli one 
node involved 

7 1.3 cm. stonmeb; smalj cell car- 
etnomn (9 l)y 7 by 1.5 cm.) 

IS cm. stomach; carcinoma (S by 
7 by 1.5 cm.) 

10 cm. stomach; ndenocolloid 
carcinoma (5 by C by 2 cm.) 

7 cm. stomach; carcinoma (5 by 
by 1 cm.) . 

10 cm. stomach; carcinoma (5 bj 
5 by 3 cm.) , 

10 cm. stomach; carcinoma (2.5 
by 2.5 by 1 cm.); involvement 
of serosa , 

0 cm. stomach; carcinoma (< by 

4 by 2 cm.); invoivement of 

seidsn , , 

10 cm. stomach; carcinoma (O by 
G by 1.5 cm.) „ , , 

10 cm. stomneh; adonocolloia 
carcinoma (3 by 2.5 by 2 cm.) 
with iavolvomcnt of serosa 
Carcinoma' (0 by 5 by 2 cm.); 
involvement of lympnatic 
serosa ^ 

13 cm. stomach; carcinoma (10 
by 7 by 2 cm.) with extensive 
involvement of nodes 

13 cm. stomach; adenocarcinoma 

(S by 8 by 3 cm.) . 

20 cm. adenocarcinoma (S by o 

by 2 cm.) 

15 cm. stomach, 11 cm. of whicli 
is small cell, diffuse carcinoma 
(linitis plnstiea type) with in- 
volvement of serosa 
fi cm. stomach; diffuse carci- 
noma (linitis plastica type) 

IS cm. stomach; carcinomatotts 
ulcer (4 cm. diameter by 5 rom. 
deep) , 

15 cm. stomach; carcinoma (3 
cm. diameter by 12 mm. deep) 
with involvement of serosa 
Polypoid solid adenocarcinoma 
(10.5 cm. diameter) projecting 
into lumen 

14 cm. stomach: eoiioid earci- 
noma (10 by C cm.) 

15 cm. stomach; adenocarci- 
noma (5.5 by 5 by 2 cmd 

12 cm. stomach: ulcerating fibro- 
sarcoma (5 by 5 by 2 ctn-) 

13 cm. stomach; diffuse carci- 

S ”m"”stomBch-. carcinomatous 
ulcer (G cm. diameter) with in- 
volvement of P3'fht“® 

12 cm. stomach; diifuse 

DtfTrwe carcinoma (4 era. 
cter) with small area of id“ta- 
don (1 cm. diameter; linitl.s 
ulastica type) 


Involve 


Oiassihea- 


merit at 

Plane 

tion by 


Distance 

Lymph 

of Maximal 

Exten- 

Broders’ of Laferal 

Nodes 

Extension 

sion 

Grading Extension 


Snbmucosa 

11 

2 


1 — 

Subimfcosii 

III 

4 

10 mm. 

' -h 

Suhmneosa 

IV 

4 

30 mm. 

l -f- 

Submucosa, 

m 

5 

S mm. 

1 -b 

serosa 

Subinucosa 

HI 

3 

No distinct edge 

+ 

Submucosa 

Il-b 

3 

No e.vtension 



Submucosa 

ir 

4 

No extension 

4- 

Subinucosa 

HI 

4 

At least 5 mm.; 
not clear 

-b 

Submucosa 

H 

2 

No extension 

-b 

Submucosa 

II 

2 

No extension 

-b 

Mucosa 

II 

0 

No extension 

— 

Submucosa 

III 

3 

0 mm. 

-b 

Subinucosa 

III 

O 

11 mm. 

*b 

Mucosa 

IV 

4 

Not clear: at 
least j mm. 

-b 

Mucosa 

IV 

4 

10 mm. 

— 

Submucosa 

IV 

4 

5 mm. 

-b 

Submucosa 

HI 

4 

8 mm. 

-b 

Serosa 

HI 

O 

U 

5 mm. 

-b 

Submucosa 

II 

2 

No extension 

+ 

AH coats 

IV 

4 

Not clear: at 
least 35 to 





40 mm. 


Mucosa 

IV 

S 

Not clear; no 
edge 

— 

Subinucosa 

HI 

3 

10 mw. 



HI 


At least 22 mm-: 

-b 

Serosa 


not clear 

12 inin. 

H 

-b 

Submucosa 


-f 

Submucosa 

HI 

z 

U mm. 

•b 

Mucosa 

HI 

n 

7 mm. 




n 

5 mm. 



Submucosa 





carol- — 


Serosa 

Slucosn 

Mucosa 

Siibmucosn 


IV 

in 

IV 

IV 


Vo edpc 


lOinin. 


yot clear: 
CO 7}}Oi. 
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Involve- 
ment o£ 

Description ot the DSinph 

Case Pathologic Condition Nodes 

3*5 13 cm. stomach; carcinoma (4 by — 

4 hy 1.5 cm.) at pylorus; very 
few nodes attached 

33 12 cm. stomach; papillary ade- — 

nocarcinoma (9 by 7 by 1.5 cm.) 

34 12 cm. stomach; papillary carci- -b 

noma (T by 6 by 2 cm.) 

35 Olceratcd carcinoma (4 by 4 by — 

1.5 cm.); very lew nodes at- 


Classlflcn- 
plane tlon by 
of Maximal Exten- Broders’ 
Extension slon Grading 

Mucosa IV i 


Distance 
of Lttteritl 
Extension 

S mm. 


Mucosa 

II 

0 

No extension 

Submucosa 

II 

2 

No extension 

Submueosa 

III 

4 

10 mm. 


tached 

36 Stomach; carcinoma (5.5 by 4 — 

by 1 cm.) 

37 Portion of stomach; polypoid — 

adenocarcinoma (6 by 5 by 3 
cm.) projecting into lumen 

38 15 cm. stomach; diffuse small — 

cell carcinoma trith very early 
colloid changes 

39 12 cm. stomach; adenocarcinoma 

(4 by 4 by 1 cm.) 

40 12 cm. stomach; shallotv carci- 

nomatous ulcer (5 cm. diam- 
eter); no nodes attached 

41 Carcinomatous poiyp (9 by 6 by -b 

6 cm.) 

42 Carcinomatous ulcer (0 cm. — 

diameter; linitls plastica type) 

43 12 cm. stomach; carcinomatous -b 

ulcer (4 by 4 by 1.5 cm.) 

44 9 cm. stomach; carcinomatous -b 

ulcer (6 by 5 by 1 cm.) 

45 9 cm. stomach; adcnocarcl- -b 
noma (7 by 9 by 2 cm.) 

40 13 cm. stomach: ulcerated and -b 
perforated adenocarcinoma (S 
by 9 by 2 cm.) 

47 14 cm. stomach; ulcerated carci- -b 
noma (4 by 4 by 1 cm.) 

4S 12 cm. stomach; carcinomatous -b 
ulcer 

49 9 cm. stomach; adenocarcinoma -b 

(3 by 3 by l cm.) just above 
pylonis; in places producing 
colloid 

50 12 cm. stomach; ulcerated carci- — 

noma (0 by 5 by 2 cm.) with 
involvement of serosa 


Submueosa 

in 

3 

No extension 

Mucosa 

II 

2 

No extension 

Submueosa 

IV 

4 

No edge 

Serosa 

II 

3 

No extension 

Submueosa 

IV 

4 

Not clear; at 
least 20 mm. 

Mucosa 

II 

2 

No extension; 
multiccntric 

Submueosa 

IV 

4 

No edge 

Submueosa 

IV 

4 

No extension 

Serosa 

11 

3 

No extension 

Submueosa 

II 

2 

No extension 

Submueosa 

II 

n 

No extension 

Serosa 

IV 

4 

Not clear; at 
least 35 mm. 

Serosa 

IV 

4 

25 mm. 

Serosa 

IV 

4 

No edge; 5 mm. 

Submueosa 

II 

2 

No extension 


qucntly is most likely to pass through hidden, lateral extensions in the apparently 
healthy gastric wall. Second, the lesser curvature is more abundantly supplied 
witli lymphatic structures than any other part of the stomach, and, as it is known 
that carcinoma habitually extends by the lymphatic system, the farthest extensions 
of the growth would naturally be expected to be on the lesser curvature. 

Occasionally it was found that the tumor did not reach the lesser curvature ; in 
these cases the block was cut parallel to the lesser curvature and as near it as 
possible. Care was taken to include part of the tumor in the block, as well as 
all the apparently healthy tissue between the tumor and the resected edge of the 
stomach. In some cases the edge of the tumor was indistinct, and in these I used 
my judgment with regard to the edge. In other cases it was impossible to identify 
any edge of the timior; these tumors were noted as having "no edge." 

Ci/(/uip of Prosen and Paraffin Sections from B/oc/l— The frozen and paraffin 
sections were stained in the usual manner with hematoxylin and eosin. Both groups 
of slides were subjected to microscopic examination. 
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macroscopic edge of the fun^or was 
‘ ' on the shdc, that is, the "raised edge,” indicated in figure 1. The 

wrc.noina was then followed out to the point of maximal extension from the edge. 
This point was also marked on the slide, and the distance between the two points 
was measured m millimeters. At the same time, the plane of maximal extension 
in the gastric wall was noted. 


Classification of Tumor According to Anatomic Manner of Extension front 
Edge of Grozc'tL—Thc tumors were originally placed in three classes, I, II and 
HI. Broders, in grading these tumors, did not find any which could be graded I; 
consequently, to avoid confusion, the original three classes were raised to II, III, 
and I\ , so as to coincide w'ith Broders’ grading. In class II, then, there was 
little if anj’ lateral extension ; in class III, moderate lateral extension, and in 
class IV, much lateral extension. 


Study of Differentiation, Lymphocytosis and Fibrosis (MacCarty^^)- — These 
factors have been shown to bear a definite relation to the period of survival follow- 
ing removal of carcinoma. Lj^mphocytosis and fibrosis are part of nature’s defen- 
sive mechanisms against tlie advance of carcinoma. Lymphocytosis was frequently 
noted, and in its presence the advance of the carcinoma appeared to be retarded. 
Fibrosis was not observed, except to a slight extent. 

Grading According to Broders. — ^Broders himself graded each of these tumors 
after my classification was already recorded. It will be shown that classification 
and grading gave similar results. 


RESULTS 

With regard to the plane of extension, gastric carcinomas can be 
placed in three other groups according to whether they extend farthest 
in the mucosa, submucosa or serosa. Figure 1 indicates the manner m 
ndiich carcinoma extends into the gastric wall. 

The majority of carcinomas spread in the manner of the uppermost 
diagram in figure 1, It is seen that the tumor extends outward in the 
submucosa to a point well removed from the apparent limit of the 
disease. This extension in the submucosa takes place subjacent to healthy 
mucosa; there is nothing to indicate that the underlying tissues arc 
affected. It might be supposed that the edge of the ulcer marked the 
limit of the disease; however, only microscopic examination can revea 
the true state. The carcinoma extends first from the mucosa, through 
the mvscularis mucosa, into the subraucosa. Here its rapid extension 
is favored both by the rich supply of lymphatic channels and i)> t'c 


11 Broders, A. C. : Squamous-Cell Epithelioma of the Lip. A StiuK of Five 
Hundred and Thirty-Seven Cases, J. A. M. A. 74:656 (March 6) 19M 

12. MacCarty, W. C.; Factors Which Influence Longevity m C=inccr. ^^^^ 
Study of 293 Cases, Ann. Surg. 76:9 (July) 1922. iMacCarty, . 

J K W. : Possible Defensive Factors in Cancer of the • xiicCactr 

L., J. Lab. & Clin. Had. (Ju,y> .922 SL.rnnk, V F- 

W. C: Life Expectancy Following Radical Amputation o 
Breast. A Clinical and Pathdogic Study of 218 Cases. Ann. Surg. 7a.6f 
1922. JilacCarfy and Sfahle.® 
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loose areolar tissue which offers little resistance to the advancing cells 
(figs. 2 and 3). 

The muscular coats of the stomach offer great resistance to the 


advancing carcinoma, and the cells of the tumor are usually fc 
through the muscular coats by way of the intermuscular lympl 
tures, to reach the serosa, where another rich- network of 
channels favors their rapid extension. 

Ulceration InvoW 

lymphatics 

nmd going 
latic struc- 
lymphatic 




— 

Mu-scu-lar f | Z % f 

coat 1 1 


^er-uti'dr' ^ 

- 5ite for resection 
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Ulcer atiQi) J 


Mucosa— 


nuscular 

coat 

oerosa — 

RatseA edge Involved 

UlceraU 9 n lymphatics 


^Mucosa— 


t1u3cu.lar ^ 5 


coat 1 %. % %, ,M\ 



Site for resectiom'^ 

1® 


Fig. 1. — The manner of extension of carcinoma in the gastric wall. 

The favorite plane for lateral extension in the gastric wall is the 
subniucosa. Of fifty cases, maximal extension was in the submucosa 
m twenty-nine, in the mucosa in eleven, in the serosa in eight, in both 
the subniucosa and serosa in one and in all coats in one. Extension in 
llic mucous and serous coats remains to be considered. 

It has been noted that the main extension was in the mucosa in elfeven 
cases. This extension manifests itself in three ways. Tlie first is the 
obvious and familiar jxilypoid carcinoma; these tumors have no decep- 
tive underground ramifications. They have long been regarded as rela- 
tively harmless. \V. \V. Mayo used to remark that the carcinoma 

l.v Jamieson. J. K., mid Dohson. J. F.; The Lymphatic Svsteni of the Stomach 
Lancet 1:1061 (.\pril 201 1907. 

14. Mayo. NV. \V., quoted hy P.roders." 
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Fig. 3 (case 13 ).— Outlying malignant cell nest in the suhmuco'.i 11 nim. i 
the edge of the ulcer; X ^25. 
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that grows toward one is not as dangerous as that which grows away 
from one. 

The second type of carcinoma which has its main extension in the 
mucosa is diagrammatically represented in the middle section of figure 
1. This type was present only twice (cases 21 and 30). Here the 
carcinoma was found spreading on the surface of the mucosa, over and 
between normal gastric glands. The impression I received was that 
this type of carcinoma spreads over the surface so rapidly that it does 
not have time to attack the deeper parts of the mucosa. In the two 
cases mentioned, the carcinoma extended down to the submucosa in the 
older part of the tumor. There was no visible edge (figs. 4, A and B). 
This is a very deceptive type from the surgeon’s point of view, for the 
tumor has no visible edge, nor is there any thickening of the gastric 
wall which might help him to define the limits of the disease. For- 
tunately, this condition is comparatively rare. 

In the third type in which extension is in the mucosa the extension 
may reach its maximal distance from the visible edge of the growth by 
involving the whole thickness of the mucosa without penetrating the 
submucosa. Case 32 illustrates this point; the submucosa had been pene- 
trated at the older part of the tumor, but the extension, while involving 
the whole thickness of the mucosa, did not penetrate the muscularis 
mucosa (figs. 5, A and B). 

Finally, the maximal plane of lateral extension may be in the serosa ; 
this occurred, as has been noted, eight times in this series of fifty cases. 
When carcinoma involves the serosa, for some reason or other it fails 
to extend very far in the submucosa, but traverses the intermuscular 
lymphatic channels to reach the serosa, where its maximal extension 
takes place (fig. 6). The lowermost diagram in figure 1 illustrates 
this type of extension in the serosa, where rapid extension is favored 
by the abundance of lymphatic channels. It is interesting to note that 
in this series of fifty gastric carcinomas, in six cases lateral extension 
was more than 20 mm, from the edge of the growth, and in five of these 
the serosa was the plane of maximal lateral extension. In one of these 
five cases all coats were equally involved and in another the submucosa 
and serosa were involved to the same extent. In this series there 
was not a case of involvement of the serosa without metastasis to 
lymph nodes. 

From the foregoing statements it will be obvious that in many cases 
the raised, palpable edge of a gastric carcinoma does not indicate the 
line of demarcation between diseased and healthy tissue; therefore, I 
was led to try to find some means of estimating the extent to which a 
given carcinoma will he likely to invade the surrounding gastric wall. It 
was found that an estimate could be made in two wavs; A studv of 
the diflerentiation of the tumor according to IMacCarty will give a rough 
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indication, as will the system of grading according to Broders. I shall 
correlate the grading of the tumors by Broders’ method with the classi- 
fication by the amount of lateral extension. It will be shown that the 
greater degree of lateral extension is to be expected among carcinomas 
of higher grade. The same principle is true of the differentiation of 
tumors according to MacCarty; the less the differentiation of the cells, 
the more likely is the tumor to have wide lateral extension. The grad- 


Fig. 6 (case 48). — ^Malignant cells in the serosa, 25 mm. from the edge of the 
ulcer. 

iiig, differentiation, and amount of lateral extension appeared in many 
cases to be parallel. For the guidance of those who wish to compare 
the two methods, differentiation and grading, it can be said that tumors 
of grade 2 are fairly well differentiated, those of grade 3, poorly differ- 
entiated, and those of grade 4, undifferentiated. 

The fifty carcinomas were studied to determine the lateral extension 
in niillinieters according to their grading by Broders’ method. In eleven 
cases (cases 1, 6. 9. 19. 33, 34, 37, 41. *45, 46 and 50) in which the 
carcinomas were of grade 2, there was apparently no lateral extension. 
In table 2 it can be seen that carcinomas of grade 3 extend widely and 
that those of grade 4 extend most widely. 
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A little explanation is needed ior those extensions and their nieas- 
ni cments. Any carcinoma that extended less than 5 mm. was regarded 
as not having any lateral extension. In some cases the surgeon was 
unable to jcsect clear of the growth, and these cases are indicated by 
the woi ds not clean. In most cases the edge of the tumor was dis- 
tinct, and the limit of malignant extension into healthy tissue could 
he distinguished. However, these measurements are not absolute!}' 
accurate, for it is impossible to measure a series of carcinomas to a 
millimeter. Nevertheless, it should be remembered that the personal 
error is common to all the specimens, and the figures are sufficiently 
accurate to bring out some interesting points. 


Table 2. — Amouiil of Lateral E.rfcusiou of Gastric Carcinomas 



20 Carcinomas, Graded 3 


19 Carcinomas, Graded 4 
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40 
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48 

25 



4J> 


44 





Among the carcinomas graded 3 (table 2), in three instances the 
surgeon did not resect clear of the growth ; in two of tlicsc casc.s t ic 
tumor had no visible edge. It is interesting to note that both these 
tumors were of the unusual type which extends solely over the sur ace 
of the mucous membrane. At the oldest part of the neoplasm there vas 
some extension downward into the submucous and muscular co-'its, >i> 
all of the lateral extension was over the surface of mucous ‘ 

of the stomach; the carcinomatous material looked as 

coat of paint. These tumors were both classified by MacCaU} a. 

f:ltia?ed tumors and highly malignant. In 

surgeon has no means of estimating at rvhat point his ° 

S Lricd o,.., and extends it as high on the 
In llic third case in winch the surgeon 

growth it had extended 22 tnn, from the edge o' " ^ „„ 

case 03 and it will be noted that the nraxiinal cMcns.on 
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serosa. On consulting the liistory of this case it was foinul that the 
patient had had symptoms for two years, or thirteen months longer 
than the average history given in cases of gastric carcinoma in the 
clinic (McVicar'^). It is conceivable that if a carcinoma is left long 
enough, especially if there is involvement of the serosa, there is prac- 
tically no limit to the possible distance of the extension. It may be 
stated that as a rule carcinomas graded 3 may extend a distance of 1.3 
mm. from the visible edge of the ulcer. The average lateral extension 
in the sixteen carcinomas graded 3 measured 6.56 mm. 

On six occasions the line of resection was through the growth in 
spite of the fact that on four occasions the gastrectomy was done at 
least 20 mm. from its edge. Cases 7 and 43 (table 2), in which there 
was no lateral extension, require a little explanation. The tumors in 
both of these cases were very active, and belonged to the class of “small 
cell” carcinoma; in fact, they resembled lympliosarcoma, and there was 
discussion before it was decided to call the tumor in case 7 small cell 
carcinoma and not lymphosarcoma. Another point of similarity in these 
two tumors was the very active lymphocytic barrier throwm out by the 
tissues against the advancing malignant cells. I wmuld suggest that 
these were two very active and rapidly advancing tumors wdtich did 
not have sufficient time to send out the usual offshoots. The growth 
was so rapid that the edge of the tumor kept moving centrifugally. It 
will be observed that on one occasion the resection was carried out 
about 40 mm. away from the edge of the tumor, yet the surgeon was 
unable to remove all of it. The average extension of nine carcinomas 
graded 4 was 10.66 mm. 

Only sixteen of twenty carcinomas graded 3 and only nine of nine- 
teen graded 4 could be measured from the edge of the ulcer to the 
limit of lateral extension ; that is, in some there was not a definite edge 
from which to measure, and in others the resection was done through 
tumor cells. However, if tumors of both grades in which there was 
no edge” are excluded, but if those which bear the notation “not clear” 
are included, measuring these up to the line of resection, more reliable 
material is obtained from which to make deductions. By this plan, the 
average lateral extension in seventeen carcinomas graded 3 was 7.47 
mm. and in fifteen carcinomas graded 4 it was 15.4 mm. Broadly speak- 
ing, the carcinomas of various grades extend as would be expected; 
extension of those of grade 3 is about halfway between the extensions of 
those of grades 2 and 4. Apparently, this classification is also borne out 
by the difficulties of the surgeon. Of eleven cases of carcinoma graded 
2. there was no lateral extension in any, and all were resected clear of 


15. McVicar, C. S., and Daly, Joseph: The Diagnosis of Operable 
of the Stomach, .\nn. Int. Med. 1:145 (Sept.) 1927. 
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he growth. Of twenty cases in which the carcinoma was graded 3 
here was no lateral extension in four cases; lateral extenL was 
c « cen 3 and 22 mm. in twelve cases, and resection was not clear of the 


Table 3. Distance and Plane of Extension in Cases in JFIiicIi There IVas No 
Ewolvenient of Lymph Nodes 
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1 

Grade 

Pistanee in 
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12 
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Table 4.- 

— Distance and Plane of Extension, in 

Cases in Which 

There Was 


Involvement of Lymph Nodes * 
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Maximal Extension 

.Submucosa, serosa 

Submueosn 

Submucosa 

Submucosa 

Submucosa 

Submucosa 

Submucosa 
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Submucosa 
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Submucosa 

JIucosa 

Submucosa 

Serosa 
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* Pive cases ivith involvement of nodes not included. 


growth in three cases. Of nineteen cases of carcinoma 
was no lateral extension in two cases; lateral extension 
and 40 mm. (in five, more than 22 mm.) m tlnrtc i 

resection was not clear of the growth in six j enrei- 

In tables 3 and 4 is given the amount of lateral 
nomas of the stomach without and with nodal involvement, -I 
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It will be seen that the carcinomas of the stomach with nodal involve- 
ment extended more widely than those without involvement, and that 
most of the resections which did not include the whole of the tumor 
were performed in those cases in which there was nodal involvement. 

SUMMAKV AXD CONCLUSIONS 

In gastric carcinomas the raised, rampai't edge of the ulcer may not 
mark the limit of invasion of the gastric wall. The amount of extension 
from the edge of a gastric carcinoma varies according to the degree of 
dift’erentiation (MacCarty) and the grading (Broders). In the most 
diffuse carcinomas of the stomach, the growth has no visible edge, and 
a proper point for resection cannot be indicated ; in all other types of 
gastric carcinoma a distance of at least 4 cm. of healthy gastric wall 
should be allowed from the edge of the itlcer along the lesser curvature 
toward the cardia, in order that the resection ma}' include the whole of 
the primary focus. This small series tends to indicate that whenever 
the serosa is involved, nodal metastasis will be present. 



CHRONIC PANCREATITIS ASSOCIATED WITH 
PEPTIC ULCER 
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NEW YORK 


The conservative treatment of peptic ulcer is generally admitted by 
internists and surgeons to be the proper procedure to follow as long as 
symptomatic relief can be obtained. The difficult}'^ comes in determining 
when the patient will not respond further to medical care and must be 
operated on. It is my experience ^ that one need not fear that a gastric 
ulcer will become malignant; at least, this should not be used as an 
argument for referring patients for operation, since the mortality due to 
gastric resection in the hands of experienced surgeons exceeds the inci- 
dence of malignant transfonnation. In the clinic with which I have 
been associated, patients with gastric ulcer have received conservative 
treatment for the past five years without malignant degeneration. 

There is one true indication for operation, and that is uncontrollable 
pain, which is rarely due to an uncomplicated ulcer but results when an 
adjacent viscus becomes adherent to the ulcerated area. In the majority 
of instances the organ involved is the pancreas, which becomes chroni- 
cally infected; at least, the enlargement and induration of the pancreas 
must be clinically attributed to chronic infection. There is a great deal 
of discussion as to the etiology of chronic interstitial pancreatitis, but m 
this presentation I shall not enter into the theories of the disease, which 
have been discussed in a previous presentation." I shall consider only 
the clinical significance of pancreatic lesions in relation to peptic ulcer. 

In the gastro-enterologic clinic of the Fourth Medical and Surgical 
Divisions of Bellevue Hospital, which ended its fifth year in December, 
1932, my associates and I had occasion to observe 5S3 patients stiilcnng 
from peptic ulcer. Of this group there were 440 who were not operated 
on and 143 who had been operated on before entering the clinic. O^f t ic 
patients operated on, 71 were operated on for chronic nicer and 7_ 


1. Hinton, J. W. ; The Clinical Consideration of Gastric Ulcer anti Car 


cinoma, Arch. Surg. 27:395 (Aug.) 1933. 

2. Hinton, J. W.: Chronic Interlobular Pancreatitis, -Ann 

(Sept.) 1932. 
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acute perforated ulcer. It was the purpose of the clinic to determine 
the best method or the best combination of methods to be used in treat- 
ing these patients conservatively; therefore we referred patients for 
operation only as a last resort. The one indication which was accepted 
as a true indication for surgical intervention was pain which no method 
of medical treatment would relieve. During this period of five yeais 
we referred only 33 patients from the clinic for operation. In some of 
these cases the associated pancreatitis was so striking that the cases 
seem worthy of reporting. 


REPORT OF CASES 

Case 1.— A man, aged 52, was admitted to the Fourth Surgical Division, 
Bellevue Hospital, on Jan. 26, 1928. He had been operated on in another hospital 
on Dec. 15, 1927. 

He was jaundiced, and complained of abdominal pain. He was receiving 
Mi grain (0.01 Gm.) of morphine three times a day. A resume of the operative 
findings from the other institution was: carcinoma of the head of the pancreas 
with metastasis to the spine. In view of this diagnosis, it was thought advisable 
to make a roentgenologic examination of the intestinal tract, in order to demon- 
strate the pancreatic tumor. Roentgenologic study revealed, however, that the 
patient had a duodenal ulcer. A Sippy diet was instituted. Within one week the 
patient had so improved that he was no longer given morphine. He was discharged 
from the hospital on Feb. 12, 1928, and was followed in the gastro-enterologic clinic 
until April 23. On this date he was readmitted to the hospital because of severe 
pain which he had had for two weeks ; previous to this, however, he had been symp- 
tomatically well for two months. Dr. John H. Morris operated on the patient on 
April 26. An ulcer was found in the duodenum with an induration of the head 
of the pancreas the size of a large lemon. A gastro-enterostomy was performed ; 
the gallbladder and appendix were found to be normal and were not removed. 
After the operation, the patient was followed regularly in the clinic ; he had no 
jaundice but had frequent complaints referable to the bladder. The results of 
urologic examinations were of no significance. The patient was last seen on 
Jan. 26, 1933. 

Case 2. — A man, aged 52, was admitted to the gastro-enterologic clinic of the 
Fourth Medical and Surgical Divisions at Bellevue Hospital on Jan. 12, 1929, with 
a roentgenologic diagnosis of pyloric ulcer. The patient was given a Sippy diet 
and was symptomatically well until September 28. Roentgenograms on June 14 
and on October 3 revealed no abnormalities. When the symptoms recurred the 
pain could not be relieved by conservative treatment, although a series of roent- 
genograms of the gastro-intestinal tract showed nothing abnormal. The patient 
was advised to enter the hospital. I operated on him on November 9. AVhen the 
abdomen was opened, the gallbladder was found to be normal ; the duodenum was 
mobile and easily inspected ; there was no evidence of ulcer on the anterior surface 
but a slightly indurated area was felt posteriorly, and tlie head of the pancreas was 
the size of a lemon. A posterior gastro-enterostomy and an appendectomy were 
performed, from which the patient made an uneventful recovery. He was followed 
regularly in the clinic; he remained sj’mptomatically well and roentgenologically 
normal. He was last seen on Jan. 19, 1933. 
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Case 3 — A man, aged 59, was admitted to the hospital on Aug. 21, 1930 com- 
Plannng of epigastric pain after meals, with periodicity for twenty years; durinc^ 
ti,e two j’ears prior to admission he had had persistent pain which ,ras more 
severe at mght. Roentgenologic examination on August 15 revealed a duodenal 
ulcer without obstruction. A Sippy diet was tried for two weeks, without afford- 
ing the patient relief. Operation on September 5 revealed the gallbladder to be 
olive green and not thickened, but there was a duodenal ulcer with the duodenum 
fixed to the pancreas, and the head of the latter organ felt the size of a lemon. 
A posterior gastro-enterostomj' without clamps and a routine appendectomy were 
performed. CoiU'alescence was uneventful ; the patient improved, but still 
e.xpcrienced some discomfort. He was last seen on Jan. 5, 1933. 

Case 4. — A man, aged 32, was admitted to the clinic on Dec. 1, 1928, com- 
plaining of abdominal pain after meals. He had had these attacks for seven 
years and for the last 3 'ear the pain had been severe; food gave little relief. 
Roentgenologic studj' on Nov. 25, 1928, had revealed a duodenal ulcer without 
obstruction. The patient was given an ambulator^^ Sippy diet, wtihout relief, and 
then was given streptococcus vaccine. After four and a half months of con- 
servative treatment his condition had not improved ; he was having pain at night 
constantl}'. Operation on April 25, 1929, disclosed a duodenal ulcer, with the 
pancreas enlarged and the duodenum adherent to the gland. A posterior gastro- 
enterostomy without clamps and a routine appendectomy were performed. The 
gallbladder was thickened and chronically diseased, but it was not removed, owing 
to the fact that the patient had shown poor anesthesia. An uneventful con- 
valescence followed. The patient was observed regularly after leaving the hos- 
pital ; he remained symptomatically improved, but was not entirely well. He was 
last seen on Dec. 29, 1932. 


Case 5. — A woman, aged 36, was admitted to the clinic on March 17, 1928, 
complaining of periodic pain after meals. She had entered Bellevue Hospital on 
June IS, 1925, because of pain in the right upper quadrant of the abdomen which 
was cramplike and which radiated to the right shoulder. At that time she also 
complained of pain after meals, which, however, was relieved by food. A diagnosis 
of cholecystitis and cholelithiasis was made, and the patient was operated on on 
June 20. A chronic cholecystitis was found but no stones. Also a duodenal ulcer 
was found which was pronounced healed. A cholecystectomj’' was performed, but 
the stomach was not operated on. The patient was readmitted on Dec. 21, 1925, 
complaining of pain in the upper part of the abdomen which had been present 
for three months. The pain was similar to that for which she had been operate! 
on before. Roentgenologic examination revealed a duodenal ulcer, and the patient 
was given a Sippj"^ diet. She remained in the hospital until Jan. 12, 19-6, and "a. 
discharged sjTOptom-free, but was readmitted on May 26 because o pam. 
Roentgenologic study revealed a duodenal ulcer. The patient was operate! 
on June 3, but the operating surgeon, who also performed the first operation, f k no 
find an ulcer ; so the abdomen was dosed. The patient returned to t le o o\\ 
clinic at irregular intervals for the next year and a half but was con.staiit } 
plaining of pain. 


On entering our clinic, March 17, 1928, the patient 


stated that she lind not 


been relieved by either operation, and that she was much worse 
chief complaint was pain after meals, which was usuall) rc ie\ec w ' 


pain was becoming so severe that it kept her awake at night. 
study revealed a duodenal ulcer. The patient was given medical treatrr . 
she was uncooperative, returning only at irregular intervals 


Rocntgcnolngic 

tre.iluifnt. hut 

A year later she 
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was advised to permit herself to be operated on, as her condition was growing 
worse, but she refused. She returned to the clinic at irregular intervals until 
Sept. 5, 1930, when the pain became so severe that she entered the hospital of 
her own accord. She was operated on on September 12. The duodenum was 
found to be adherent to the pancreas, and the head of the latter was enlarged to 
the size of a large lemon. A posterior gastro'cntcrostomy was done. The patient 
was greatly improved. When last seen on Feb. 2, 1933, she complained of gas 
after meals, but had no pain. 

Ca.se 6.— a man, aged 30, was admitted to the clinic on July 7, 1929, com- 
plaining of pain in the upper part of the abdomen. The history was unimportant. 
The patient had had epigastric discomfort for ten years. Eating gave relief from 
the symptoms, which were probably never very severe, as the patient first sought 
medical treatment two weeks before admission. At that time a roentgenogram 
revealed a duodenal ulcer. The patient was given an ambulatory Sippy diet and 
did well for four months ; then his symptoms returned, and he was given vaccines, 
without improvement. The patient gained 20 pounds (9 Kg.) while under treat- 
ment ; he was heavier than ever before, his weight being 180 pounds (81.6 Kg.). 
The medical treatment was continued until May 20, 1930, when he was advised 
to enter the hospital for operation, although he had maintained his weight. 
Operation on May 24 revealed a duodenal ulcer and an adhesion of the duodenum 
to the pancreas, with the head of this organ enlarged and firm. A posterior 
gastro-enterostomy was performed, and the patient was symptom-free thereafter. 
He was last seen on Sept. 28, 1932. 

Case 7. — A man, aged 57, was admitted to the hospital on Oct. 9, 1930, com- 
plaining of severe abdominal pain; he said that he had been treated for an ulcer. 
For twenty years the patient had had pain after meals, and for fifteen years he 
had known that he had an ulcer, for he had been treated for it by different 
physicians. Eight weeks before coming under our observation, he was under 
the care of a prominent gastro-enterologist and was treated with a duodenal tube 
for four weeks. The pain was so severe that he was unable to sleep, and owing 
to the severe pain he was referred to the hospital with a diagnosis of complicating 
cholecystitis and cholelithiasis, though the dye test was negative. After admis- 
sion the patient required codeine for the pain ; he refused to have further roent- 
genograms of the gastro-intestinal tract made ; an exploratory laparotomy was 
therefore performed on October 15, which revealed a normal gallbladder, a 
duodenal ulcer and an enlargement of the pancreas to the size of an orange. A 
posterior gastro-enterostomy and a routine appendectomy were performed ; follow- 
ing the operation the patient was fairly free from symptoms. However, he had 
two exacerbations of symptoms. He rvas last seen on Dec. 29, 1932. 

Case 8. — A man, aged 30, was admitted to the clinic on April 28, 1931, stating 
that he had been treated in the medical wards for an ulcer. A resume of the hos- 
pital records revealed that he had entered the wards on April 3, and that he had 
been discharged on April 25. He gave a history of epigastric distress of six years’ 
duration, which was getting more severe. Roentgenologic examination revealed 
a duodenal ulcer without retention at the end of six hours. The patient was 
treated by a Sippy diet while in the hospital, and was discharged improved. He 
did not continue to receive treatment at the clinic, but on October 4, having severe 
pain, he entered the emergency ward; there he was advised to go to the hospital 
as a ruptured ulcer was suspected. On examination, the diagnosis of duodenal 
ulcer and chronic pancreatitis was made, and an operation was advised. The 
operative findings on October 9 were chronic cholecystitis, duodenal ulcer and 
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ch Jic pancreatitis, as the head of the gland was the size of a ien,on A 
cholecystectomy, appendectomy and posterior gastro-enterostomy were perfonned 
T he pattent unproved after the operation. He was last seen Nov. 17, 1932 

Case 9.— A man, aged 38, was admitted to the hospital on July 17, 1931, com- 
■ ’ S' o abdominal pam after meals. TJie history ivas not important e.xcept for 
he illness m question. The patient had had pain in the upper abdominal region 
or ten years and during the two years prior to admission it had been much more 
severe. He n'as treated in the medical wards from June 10 to June 29 and given 
a Sippy diet. Roentgenologic study revealed a duodenal ulcer without retention 
at the end of six hours. A vitamin diet with yeast ivas instituted without relief; 
the diet was then changed to an ambulatory Sippy diet with Saunders’ strep- 
tococcus vaccine intravenously, without relief. On August 29, owing to the 
severe pain and a diagnosis of duodenal ulcer and pancreatitis, the patient was 
advised to enter the hospital. Operation on September 3 revealed a duodenal 
ulcer and an enlarged pancreas, with the duodenum adherent to it. The gall- 
bladder ivas normal. A posterior gastro-enterostomy and a routine appendectomy 
were performed, but the patient continued to have pain. After persistent medical 
care, without relief of pain, a subtotal resection was performed on Oct. 10, 1932. 
The patient died of pneumonia six day's afterward. 


Case 10. — A man, aged 25, was admitted to the hospital on Dec. 30, 1929, 
complaining of abdominal pain after meals. The history e.xcept for the illness 
revealed nothing of consequence. The patient stated that he was seized with 
severe pain on July' 5, and that he was operated on for a ruptured ulcer in the 
Jersey City Hospital. A report from that hospital was to the effect that the 
operation had revealed a ruptured duodenal ulcer, and that a simple closure had 
been performed. The patient said that he had had abdominal discomfort after 
meals for two years before the perforation occurred, and that following the opera- 
tion he was well for two months, but that for the past four months he had had 
abdominal pain after meals, which was getting worse. Roentgenologic study on 
Jan. 3, 1930, revealed a duodenal ulcer without retention at the end of six hours. 
He was treated in the wards for one week and then referred to the clinic, which 
he entered on January 11. An ambulatory Sippy diet, Saunders' vaccine, adminis- 
tered intramuscularly, and nonspecific protein therapy with a nnlk preparation 
failed to give permanent relief, and the patient was admitted to the hospital on 
October 20 for operation, with the diagnosis of duodenal ulcer and chronic pan- 
creatitis. Operation on October 25 revealed a duodenal ulcer and enlargement o 
the pancreas to the size of a large lemon, with the duodenum adherent to it. The 
gallbladder was normal. A posterior gastro-enterostomy and appendectomy were 
performed. The patient remained clinically well. He was last seen on Jan. 


1933. 

Case II.— A man, aged 39, was admitted to the clinic on July 10, 1930. com- 
plaining of abdominal pain after meals and severe pain at night. The bis ory 
except for the illness was not significant. Since 1914 the patient hai i.i< 
abdominal pain after meals, and in 1916 the condition was diagno.^cd ns ulcer 
1917 the patient was operated on in Dublin, Ireland. The ulcer was num. 
was pronounced healed; the appendix was removed. The 
relief from the operation; his condition became gradu.illy worse, and . ^ 

was kept awake from one to two hours with pain. 
a duodenal ulcer with retention at the end of six hours. The pn 
with an ambulatory Sippy diet and was given ,, p, 

with only slight relief. He refused to enter the hospital for rest 
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been treated in two other hospitals diirins the past year by a Sippy diet with only 
slight improvement. After five months of treatment, operation was advised ; the 
diagnosis was duodenal ulcer and chronic pancreatitis. On Dee. 12, 1930, the 
operation was performed : it disclosed chronic cholecystitis, a duodenal ulcer and 
an enlarged, firm pancreas adherent to the duodemnn. A posterior gastro- 
enterostomy and cholecystectomy were performed. Following the operation, the 
patient was well for one year, but at that time had a moderate hemorrhage. He 
has not been seen since. 

Case 12. — A man, aged 25, was admitted to the hospital on Sept. 4, 1931, com- 
plaining of severe abdominal pain that had lasted for two hours. The history 
revealed that on Dee. 29, 1929. he was operated on for perforated ulcer without 
suturation of the ulcer. Dr. Fischel, his familj’ physician, stated that when the 
abdomen was opened, gas and free fluid escaped, but that the perforation was 
not found and cigaret drains were inserted. The patient made an uneventful 
recovery and was sjaiiptom-free until Sept. 4, 1931. Two hours before admission 
to the hospital he was seized with sudden abdominal pain, and Dr. Fischel again 
diagnosed the condition as perforated ulcer. The operation was performed by 
Dr. Briedenbach. On opening the abdomen, he found gas and free fluid, but he 
could not find the perforation, as the duodenum was adherent to the pancreas and 
the latter organ was enlarged. Drains were inserted, and an uneventful con- 
valescence followed. The patient entered the clinic on September 24, and was fol- 
lowed regularly until October 23, when he had another attack of severe abdominal 
pain which necessitated admission to the hospital. During the observation in the 
clinic he was purposely not studied roentgenologically, as we feared that a perfora- 
tion might result from the manipulation, but at about 4 a. m. on October 23, he was 
seized with sudden pain, and a boardlike rigidity set in. The operation was again 
performed by Dr. Briedenbach. When the peritoneum was opened, no gas or 
free fluid was encountered. The duodenum was adherent to the pancreas, and the 
latter was hard and twice its normal size. The capsule was perforated, and 
drains were inserted. Convalescence was uneventful. The patient was not fol- 
lowed after his departure from the hospital, as he left the city. 

Case 13. — A woman, aged 47, was admitted on Feb. 14, 1930, complaining of 
severe colicky pain in the upper part of the abdomen of three weeks’ duration. 
She had a hysterectomy in 1921 and an operation for disease of the gallbladder 
in 1923, but did not know whether or not the gallbladder had been removed. Since 
the operation for disease of the gallbladder she had had other attacks of rather 
severe pain in the upper abdominal regions, but none so severe as the cramplike 
pains which she had had in the last three weeks. Roentgenologic examination on 
Feb. 24, 1930, by the dye method did not reveal the gallbladder, and the series 
of roentgenograms of the gastro-intestinal tract revealed that the duodenal bulb 
was diminished, but showed no definite ulcer, although there was a retention of 
UNO thirds of the meal at the end of six hours. The preoperative diagnosis was 
cholecystitis and cholelithiasis. The patient was operated on on February 26 by 
Dr. Morns. An induration was found in the descending portion of the duodenum 
which was interpreted as an ulcer perforating into the pancreas. A posterior 
gastro-enterostomy was performed. Three days postoperatively pain and tender- 
ness developed in the right lower quadrant which it was suspected were due to 
leakage from the ulcer. The area was opened, and the duodenal contents were 
obtained. The patient had a stormy convalescence, with three intra-abdominal 
abscesses, which were drained. She was discharged on May 5, and entered the 
Clinic on May 24. The patient was symptom-free until November, when an abscess 
nevelopcd in the previous scar; she entered the hospital on November 7 and 
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October 1 when another abscess developed in the laparotomy scar. She entered 
the hospital on Oetboer 23, and two abscesses were incised and drained; during 
tile year of 193^ she entered the liospital twice with small abscesses in the previous 
scars and continued to have pain referable to the upper regions of the abdomen. 

She was last seen on Oct. 7, 1932, at which time she was having some epigastric 
discomfort. 


The history is tlie most important aid to a diagnosis of chronic pan- 
el eatitis ill the advanced stages. The patient usually says that his pain 
is more severe than at the onset of his complaints, and that the dnll 
discomfort that he had when the ulcer was first diagnosed has disap- 
peared. Food gives little relief, and he is awake several hours at night 
from pain, and frequently requires sedatives before he can sleep. The 
pain radiates directly through to the lumbar region and is usually felt 
on both the right and left sides of the spine. Physical examination 
reveals epigastric tenderness and a tenderness over the lumbar region 
which is equally marked on the right and left sides of the spine; tlie 
results of physical examination are otherwise negative. The routine 
laboratory work helps little in the prognosis of tlie course of ulcers. 
We used the amylase test of the blood serum according to Elman's 
method,® and the lipase test of the serum according to Cherry and 
Crandall’s * method, in the hope of detecting cases of early chronic pan- 
creatitis before the ulcer symptomatology bad changed; it was hoped 
that with the infection and fibrosis of the pancreas the amylase and 
lipase would be constantly reduced in patients suffering from an asso- 
ciated pancreatitis, but our results were extremely variable and of no 
clinical significance ; after using the tests on forty patients, we discon- 
tinued using them. While carrying out experiments on dogs in whicii 
we ligated the pancreatic ducts to produce tliyroid changes, we studied 
the am3dase and lipase of the blood of fifteen of these animals at week)} 
intervals until they died. The average life was four weeks, but some 
died within two weeks, while others lived eight weeks. Even in tlio.se 
animals in which a complete fibrosis of the pancreas developed, the 
results of the tests were most variable and could not be of climea 

significance, . . - 

The selection of the time to operate in a case of peptic nicer is o 

extreme importance. It is generally admitted that the results o (j 
ating early are unsatisfactory, regardless of tlie type of operation ] c 


3. Elman, Robert; Arneson, Norman, and Graham, L. -V- 
Amylase Estimations in the Diagnosis of Pancreatic Disease, .• r . . 

L, A.: T,.. Specind., 

Its Appearance in the Blood after Pancreatic Injury, Am. J. . 
(April) 1932. 
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{ornicd, while if the patient has snlTcred from the ulcer for a number 
of years, the results arc more satisfactory following any operative pro- 
cedure. The claim that the good results in cases of long standing come 
from some protective enzyme that devcloi^s in the blood and prevents 
marginal ulcers is mere speculation. I know, however, that oper.ations 
thirt}' years ago gave satisfacloiy results. During the past ten years, 
in which patients have been referred for operation much sooner after 
the onset of symptoms, the surgical results have been generally unsat- 
isfactory. 

From clinical observations, it would seem that when a patient reveals 
the development of an associated pancreatitis, he ceases to present a 
medical problem; he should he operated on. To make the diagnosis of 
associated pancreatitis one must rely on the change in the pain symptom- 
atology and on the clinical finding of tenderness over the regions of the 
kidneys with epigastric tenderness. After the infection of the pancreas 
has developed, delay in tlie operative treatment offers a more unfavorable 
prognosis. 

I am aware of the emphasis that has been placed on cholecystitis as 
an etiologic and complicating factor in ulcers, but the more clinical and 
operative experience that I have with ulcers, the more I am impressed 
that there is only a slight relationship, either etiologic or symptomatic, 
between diseases of the biliary tract and peptic ulcers. The finding of 
an enlarged, firm pancreas, with the duodenum or the pyloric end of 
the stomach adherent to the gland, is of much more clinical signifi- 
cance and is a true indication for operative intervention. The indications 
that have been given for operating on ulcers, namely, a pene- 
trating ulcer, a gastric ulcer, a pyloric obstruction, a gross hemorrhage 
and previous medical treatment, unless advanced by a competent 
internist, are not true indications for recommending surgery; the one 
indication is persistent pain that cannot be relieved by any method of 
medical care. The pain is usually due to an associated pancreatitis and 
's of a different character from that encountered in the early course of 
the disease. In 233 autopsies, Hurst and Stewart found the pancreas 
forming the floor of the ulcer in 24.5 per cent of the cases, and the 
liver in 4.2 per cent ; they also found in 183 partial gastrectomies that 
the pancreas formed the floor in 19.5 per cent and the liver in 1.5 per 
cent of the cases. With the ulcer and the pancreas in direct contact 
in such a high percentage of the cases, one would expect, clinically, to 
have a chronic infection of the pancreas which would alter the ulcer 
symptoma tology, and that is what my associates and I have encountered. 

V 1^' Stewart, M. J. : Gastric and Duodenal Ulcers 

iorK-, Oxford University Press, 1929, pp. 106 and 189. 
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Fiom the study of our cases it is seen that chronic pancreatitis is a 
real indication for operating on a patient with an ulcer, as it is a con- 
dition that cannot be cured by medical care. The difficulty is in diag- 
nosing the condition in its early stage; one has been forced to rely 
chiefly on the history and ph)'sical findings, as the routine laboratory 
studies aie of little aid. In a previous paper® I reported the laboratory 
observations in 141 cases, namel)% the complete blood counts, the results 
of gastric analj'-ses, the results of chemical examination of the blood, 
including determinations of the urea, nonprotein nitrogen, sugar, creat- 
inine, chlorides, calcium and phosphorus, and the results of Wasser- 
mann tests and of urinal 3 'ses ; in none of these cases was the laboratory 
work of any aid in prognosticating the course of either gastric or 
duodenal ulcer. 

COMMENT 

It is obvious to ever}" one who has had experience in treating patients 
^\'ith ulcers that there are spontaneous remissions with freedom from 
pain for weeks, months and years; this makes it extremely difficult to 
e^'aluate the results from either medical or surgical treatment unless 
the patients are seen at frequent intervals and obser^'ed over an indefi- 
nite period. 

When chronic pancreatitis is associated with ulcer, the sooner the 
diagnosis is made and the patient operated on, the better the chances for 
a good prognosis. So far there have been no accurate laboratory methods 
of making such a diagnosis, and one has been forced to rely on clinical 
findings in arriving at such a conclusion. Determinations of the amylase 
of the duodenal contents are now being made and may aid in detecting 
early chronic pancreatitis ; if so, one will be in a position to select with 
much more accuracy the patients that need to be operated on. fins 
may remove from the internist’s care those patients in whom lie cannot 
hope for a good result from medical treatment and turn over to the 
surgeon those for whom there will be a good prognosis following opera- 
tion. It will eliminate operations on patients who may respond pcrnia 
nently to conservative treatment, and diminish the incidence of t lat 
serious complication, gastrojejunal ulcer, which follows too frequent} 
gastro-enterostom}" and occasionally subtotal gastrectom} . 

130 East Seventy-Ninth Street. 

6. Hinton. J. W.: The Significance of Laboratory Studies in Gastric an I 
Duodenal Ulcers, Am. J. Surg. 17:25 (July) 1932. 
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ITS UKLATIONSnir TO IIACTKKIA 
1. H. MASERITZ, 

Assistant Ortliopcclic Surgeon, Department of Snrgerj', Sinai Hospital 

IIALTIMORK 

The use of living maggots as a thera])etitic meastirc in osteomyelitis 
was introduced by 'Baer in 1929. He found that this treatment brought 
about early complete healing of infections of the bone that had been 
resistant to other forms of accepted therapy. The cause of this rapid 
healing was debated by Baer, but remained an unsolved problem in 
his mind. He felt that the end-results were possibly due to the inges- 
tion of dead tissue by the maggots or to the liberation of an enzyme. 
He mentioned the possibility of extracting some active substance or 
enzyme the use of which might r'eplace the application of living mag- 
gots to wounds. Unfortunately, he was unable to investigate these 
problems, and a continuation of his Avork would seem to be well worth)' 
of consideration. Since this subject entails numerous problems requir- 
ing various steps of investigation, it was felt that a study on larval 
digestion would prove a necessary and interesting prelude. 

Fabre (1894) in his study of the green bottle fly observed rapid 
liquefaction of coagulated albumin in the presence of maggots. This 
he attributed to an active pepsin secreted by the larvae. Guyenot (1906- 
1907) reinvestigated this problem and made various extracts of maggots 
and of their salivary glands, but failed to secure liquefaction or diges- 
tion of proteins, carbohydrates or fats. He was able, however, to isolate 
A'licrococcus flavus-liquefaciens, which he showed was capable of lique- 
fying protein, and he attributed the digestive changes in the larvae to 
the action of this organism. Bogdanow (1906-1908) confirmed the 
findings of Guyenot. Wollman (1911) repeated the experiments of 
Bogdanow, and found that he rvas able to raise larvae aseptically by 
tyndallizing mediums instead of autoclaving them ; he felt that coagu- 
lation made the mediums indigestible, and that bacteria were not the 
cause of digestion. Baer (1931) was able to raise maggots aseptically 
by feeding them a medium of beef, liver and yeast. The problem of 
aseptic growth has been dealt with and confirmed by other workers. 
Of further interest is the demonstration by Weinland (1906) of the 
digestion of fibrin in the excreta of the larvae of Calliphora. Hobson 

t. For the history of the therapeutic application of maggots, antedating Baer’s 
"ork, see Goldstein (1931) and Baer (1931). 
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(1931) showed, among other findings, the presence of a proteolytic 
enzyme in the excreta and intestines of the larvae of Lucilia sericata. 
The presence of enzymes capable of independent digestion has there- 
fore been demonstrated in two species of larvae. Hobson has shown 
that the proteolytic enzymes present in Lucilia sericata can digest 
gelatin, elastin and white fibrous tissue collagen, but in view of the 
fact that no study was made on the digestion of bone, I determined to 
investigate the question of digestion of bone by larvae. 
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results were ohtaiiicd l)y raising tl't niaKKots on calf and Ikij; hrains. ICxtrcmely 
rapid liquefaction occurred in these incdiiiins, and it was felt that toxic metabolic 
products were produced which caused destruction of the larvae, llecf, however, 
was found to l>e a very favorable niediittn for raisinp; l.irvac under nonstcrile 
conditions. Single strips of fresh lean beef, about d by 3 by 2 inches (10 by 7.5 
by 0.5 cm.), were placed in a scries <if tirine (lasks. Approximately 100 maggots 
diluted with 2 cc. of distilled water were added to each flash. The mouths of the 
bottles were then plugged with cotton and the larvae incubated at 37 C. for forty- 
eight hours. At the end of this time the maggots were washed from the meats 
and bottles, distilled water being used, into a fdter covered with a 00 mesh wire 
screen. Washings were continued until the filtrate was returned clear. The 
maggots were then placed over a sintered filter (fig. 1) covered with several layers 
of gauze. About SOO maggots were u.sed during each period of extraction. This 
filter was then connected to a vacuum suction tube passing into the incubator. The 
suction, by disturbing the maggots, stimulated .activity, whereas its absence admit- 
ted abnormal pupation. Distilled water was slowly dripped over the larvae and 
collected in the suction flask. An average of 30 cc. was collected during a period 
of five hours. The excreta consisted of a dark brown liquid suspension having 
an average hydrogen ion concentration of />n 8. 

Preparation of Bone . — Bone from human ribs was prepared by being scraped 
free from foreign tissues. Two preparations were made, one consisting of firm 
compact cortical bone and the other of finely ground bone. The preparations were 
completely dehydrated, well washed and again dehydrated. The cortical portions 
were made up into strips weighing 25 nig. each. 

Controls . — The excreta were divided into two portions. One was left unaltered, 
while the other was heated over a water bath at 100 C. for five minutes. The 
first will be designated as unchanged excreta; the second, as heated excreta. 

DIGESTIVE ACTION OF LARVAL EXCRETA 

To 1 CC. portions of the unchanged excreta were added fixed amounts 
of bone. The cortical portions, as described, weighed 25 mg. each ; 
10 mg. of ground hone was used in each of these tests. Two controls 
were used ; one consisted of heated excreta and bone and the other 
of unchanged excreta, to which no material was added. Small portions 
of thymol were added to all. Digestion was determined hy loss of 
weight and increase in formaldehyde titrations. When ground hone 
'vas used, final determinations were calculated by the increase in for- 
maldehyde titrations alone. All results were expressed in milligrams 
or fractions thereof or in cubic centimeters of hundredth-normal sodium 
lydroxide. All preparations were incubated at 37 C. for twenty-four 
rours. Digestion of ground bone occurred, as was evidenced by increase 
m formaldehyde titrations. In all cases, when whole cortical bone was 
used no changes resulted (table 1). 

It is evident from these findings that the excreta of the larvae of 

lorniia regina contain an enzyme capable of digesting the organic 
loition of bone. Further studies, therefore, were made on ossein 
1 <^paied from human ribs. All foreign tissue and the cancellous portion 
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of tlie bone were removed. The remaining cortical portions of the bone 
tvere then treated with 10 per cent hydrochloric acid for several days, 
well washed in distilled water, cut into strips and dehydrated. The 
a\'erage weight of the strips in a completely dehydrated state was 25 
mg. A pieliminaiy stud)' was then made of the digestion of ossein bv 
the excieta, and final calculations were determined by loss of weiglit 
and foimaldeh)'de titrations. Controls were used as described in tiie 
experiments wdth whole bone. All mixtures were incubated at 37 C. 

Table 1 . — Results of E.vpcrnncnts zvith Cortical and Ground Bone 


Loss of Weight, 


Experiment l 

Cortical bone plus unelianged excreta 0 

Cortfen! bone pius heated excreta 0 

Ground bone plus unchanged e.xcrcta — 


XJachanged e.vcreta (control) — 

Experiment 2 

Cortical bone plus unchanged e.xcrcta 0 

Cortical bone plus heated excreta 0 

Ground bone pius unchanged e.vcreta — 

Ground bone plus heated e.xcrcta — 

Unchanged e.vcreta (control) — 


Experiment 3 

Cortical bone pius unchanged e.xcrcta 0 

Cortical bone plus heated c.xcreta 0 


Ground bone plus unchanged excreta 

Ground bone plus heated e.vcreta 

Unchanged e.xcrcta (control) 


E.xpcrJment 4 

Cortical bone plus unchanged excreta 0 

Cortical bone pius heated excreta 0 

Grouact bone plus unchanged e.':creta — 


Unchanged e.vcreta (control) 


Experiment 5 

Cortical bone plus unchanged e.xcrcta 0 

Cortical bone plus heated excreta 0 

Ground bone pius unchanged e.vcreta.. — 

Ground bone plus hen ted c.xcreta — 

Unchanged excreta (control) — 


Final Titrations, 
Cc. of Hundredtli- 
Xonnni XaOH 

0 

0 

0.4 

0 


0 

0 

0.32 

0 


0 

0 

0.31 

0 


0 

0 

O.tC 

0 


0 

0 

0.30 

0 


for twenty-four hours. Both decrease in weiglit and increase in lonii<i 
dehyde titration occurred, showing digestion of ossein. All the coiitro .s 
gave negative results. The work was repeated, and the calciil.htion. 

are given in table 2. . , _ 

Ssadikow (1927) isolated a collagenase from ox pancreas, 
showed that kaolin absorbed the collagenase, while cliarcoal liat n« 
efifect. Hobson (1931) repeated tin's work with nmggot.s. He 
white fibrous tissue collagen from catgut and treated it mt i ^ 
of Lucilia sericata. After a series of experiments, he 
the enzyme actingon collagen, a substance cnlla- 

was entirely different from the one that digestcc gc a i - < . , 

LordA .o RM.»rd .n„d Gie. possess., e 
differs slightly from that of tendon collagen: hence. 
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the enzyme digesting l)one collagen might ])rove to be siiecific for this 
substance only, and tests were instituted. 

Since the detennination of a collagcnase depends on comparative 
study with other i)roteolytic enzymes and in view of the fact that no 
previous work had demonstrated the presence of such enzymes in the 
larvae of Phormia regina, it was found necessary to make preliminary 
studies. 

Collagen was prepared from catgut, well washed and dehydrated. 
Commercial gelatin in a 5 per cent solution was used for simple proteo- 
lytic determinations. About 25 mg. of catgut and 1 cc. portions of 
gelatin were added to 1 cc. quantities of excreta. Controls, as previ- 

Taiu-E 2. — Results of Iix/>cnwriits tviih Ossein 


Lops of 
WpiKia, 
.Me. 


Experiment 1 

Ossein pills unehniiRed excreta B.l 

Ossein plus lieated excreta 0 

UnclianKCd excreta (control) — 

Experiment 2 

Ossein plus uncliaiiRed excreta 2.8 

Ossein plus lieated c.xcreta 0 

Unchanged excreta (control) — 

Experiment 3 

Ossein plus unchanged axcrcta 3.2 

Ossein plus heated c.xcreta 0 

Unchanged c.xcreta (control) — 

Experiment i 

Ossein plus unchanged excreta 2.2 

Ossein plus heated c.xcreta 0 

Unchanged excreta (control) — 

Experiment 5 

Ossein plus unchanged excreta 3.5 

Ossein plus heated e.xcreta 0 

Unchanged excreta (control) — 


Increase In Formal- 
(Ichyde Titration, 
Cc. of Uundredth- 
Xormal NaOII 

0.50 

0 


0.4 

0 

0 


0.42 

0 


0.30 

0 


0.52 


0 


ously described, were used, and thymol was added to all. The digestion 
of catgut was determined by loss of weight and by formaldehyde titra- 
tions, while the digestion of gelatin was determined by formaldehyde 
titrations alone. Repeated experiments showed the presence of proteo- 
lytic enzymes which were capable of digesting both catgut and gelatin. 

COMPARATIVE STUDY OF PROTEOLYTIC ENZYMES AND ATTEMPT TO 

extract a collagenase specific for bone 
The bone collagen (ossein) used in this work was subjected to 25 
P« cent loss of weight by preliminary digestion so as to eliminate osseo- 
^ uminoid, osseomucoid and the small portions of gelatin that might 
We been converted by previous contact with h 3 ’’drochloric acid. In 
t le same manner catgut was also subjected to predigestion. 

Excieta were collected in the usual manner, and 6 cc. portions were 
’■dated, respectively, with 1 Gm. of animal charcoal and 1 Gm. of 
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laoli,,. The tubes were shaken at frequent intervals for one-half 
hour and the contents filtered. To 1 ce. portions of the treated e.vcreta 
wet e added catgut, bone collagen and 1 cc. portions of 5 per cent gelatin. 
Similar quantities were added to I cc. portions of unchanged excreta 
and heated controls. Portions of unchanged excreta (1 cc.) to which no 
material was added were used as basic controls for formaldehyde titra- 
tions. Thymol was added in each case. Incubations were carried out 
foi^ foity-eight hours at 37 C. Digestion was determined by loss of 
weight when catgut or bone collagen was concerned, while formaldeh)'de 
titrations were used to determine the digestion of gelatin. 


Table 3. Results of Experimenis with Charcoal and Kaolin 


Preparation 1 

1. Excreta unclianged 

2. Excreta treated with cliareoal 

3. Excreta treated with kaolin... 

i. Heated controls 

Preparation 2 

1. Excreta unchanged 

2. Excreta treated with charcoal 

3. Excreta treated with kaolin... 

i. Heated controls 

Preparation 3 

1. Excreta unchanged 

2. E.xcreta treated with charcoal 

.3. Excreta treated with kaolin... 
i. Seated controls 

Preparation 4 

1. Excreta unchanged 

2. Excreta treated with charcoal 

3. Excreta treated with kaolin... 

4. Heated controls 

Preparation 5 

1. Excreta unchanged 

2. E.xcreta treated with charcoal 

3. E.xcreta treated with kaolin... 

4. Heated controls 


Catgut Digested; 
Loss of Weight, 
Mg. 

3.5 

3.1 

3.1 

0 


4.2 

2.1 

4.2 

0 


3.4 

2.9 

2.0 

0 


3.3 

2.85 

3.1 

0 


3.2 

2.8 

l.G 

0 


Bone Collagen 
Digested; Loss 
of Weight, 
Mg. 

3.0 

1.5 

1.6 

0 


3.0 

2.4 

3,2 

0 


3.15 

3.05 

2.0 

0 


3.4 

3,0 

3.7 

0 


3.1 

2.5 

2.4 

0 


Gelatin Digested; 
Increase in 
Pormaldcliyde 
Titrations, Cc. 

1.4 

0.9 

O.S 

0 


1.6 

1.4 

1.4 

0 


1.2 

0.S 

0.9 

0 


1.4 

1.0 

0.S 

0 


1.S 

1.0 

1.2 

0 


Careful study of the findings shown in table 3 will prove absorption 
of enzymes by kaolin and charcoal. These absorptive changes are pres 
ent when catgut, bone collagen or gelatin is used. Furthermore, tliere 
is no evidence of specific absorption. Ssadikow (1927) 
kaolin completely absorbed the enzyme capable of digesting co agtn. 
and further found that no changes occurred when tins cnzt’inc uas 
treated with charcoal. It is therefore evident that tlie 
separate enzyme capable of digesting either f'rom 

was not demonstrated. The changes found in tins work a .. 
those described by Hobson. From 

that the proteolytic enzymes extracted arc in 

re<Tina are capable of digesting collagen, ossein and p, 
airprobability the same specific enzymes. 
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ORIGIN 01' THE PROTEOLVTIC ENZYMES 

Ac'fioii of Eiiiulsioiis of Iiitcxliiwl Tracts and Salivary Glands on 
Bone Collagen. — ^The intestinal tracts and salivary glands of SO fed 
larvae were isolated with the aid of a dissecting microscope. Eacli 
material was well emulsified and diluted to 10 cc. with 50 ])er cent 
glycerin. Portions containing 5 cc. of both the intestinal and the sali- 
vai'y emulsion were heated over a water bath at 100 C. for five minute.s. 
The emulsions were divided into 1 cc. portions, and thymol was added. 
Human bone collagen was added to each, and incubations were carried 
on for twent 3 '-four hours at 37 C. The collagen was then removed, 
well washed, dehydrated and reweighed. Digestion was determined by 
loss of weight as compared with absence of change in the heated con- 

Table 4. — E.vpcrimeuts with Intestinal and Salivary Einulsinns 


Mg. CollaRcn 
Digested 


Experiment 1 

Bone collagen plus unchanged intestinal emulsion 3.9 

Bone coilagen plus heated intestinal emulsion 0 

Experiment 2 

Bone collagen plus unchanged intestinal emulsion 3.1 

Bone collagen plus heated intestinal emulsion 0 

Experiment 3 

Bone collagen plus unchanged intestinal emulsion 3.7 

Bone collagen plus heated intestinal emulsion 0 

Experiment 4 

Bone collagen plus unchanged intestinal emulsion 4.2 

Bone collagen plus heated intestinal emulsion 0 

Experiment 3 

Bone collagen plus unchanged intestinal emulsion 3.1 

Bono collagen plus heated intestinal emulsion 0 


trols. Collagen was digested by the intestinal emulsions, but no changes 
were present in any of the gland preparations (table 4). 

It is evident, therefore, that the enzymes found in the excreta are 
passed from the intestinal tracts of the larvae. It is not assumed, how- 
ever, that the negative action of the gland emulsions definitely eliminates 
these tissues as the possible source of origin of proteolytic enzymes. 
There are many factors to be weighed, and in view of the limited 
literature and the differences in opinion concerning the salivary glands, 
it will be necessary that this problem be investigated further before a 
definite conclusion can be drawn. 

The findings in table 4 are of further interest when compared with 
those of Hobson on the larvae of Lucilia sericata. He found that the 
collagcnase was not present in emulsions made from the intestinal tracts 
of fed larvae, and further that the collagcnase in intestinal emulsions 
of starved larvae was present only to a moderate degree when compared 
with the action of excreta. .'\ comparative study of tables 4 and 2 
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shows that wtestwal emulsions of fed larvae are more capable of dwest- 
wg osscm than similar quantities of excreta. Since Hobson used caW 
m his experiments we proceeded to investigate the action of intestira! 
lu sions of fed larvae (Phormia regina) on this substance. The 
visions weie found to digest catgut equally well and, when compared 
with tlic excreta, showed greater activity. 

Hc/mi of Bacteria on Bone CoUagen.—Smce the larvae used for 
the preceding work were raised on nonsterile mediums, it seemed neces- 
sary to consider the possibility that bacteria might play some part in 
the process^ of digestion. Repeated cultures and smears made directly 
from intestinal contents always showed the presence of a grain-negative 
bacillus and a gram-negative coccus. The bacillus u^as of the proteus 
group while the coccus proved to be M. flavus-Iiquefaciens. both of which 
had been demonstrated b}'' previous workers. At no time could other 
organisms be isolated, other than specific bacteria, when these were, 
inoculated on sterile maggot mediums. 

Since all maggots used in this rvork rvere remo^^d from nonsterile 
mediums after forty-eight hours’ growth, cultures of these bacteria were 
grown 'on agar slants for two days and then suspended in physiologic 
solution of sodium chloride. To 1 cc. portions of forty-eight hour 
suspensions bone collagen was added. Controls of physiologic solution 
of sodium chloride were used. Since thymol had been used in each 
previous experiment, small amounts rvere added to all the portions. 

No digestion of bone collagen occurred. In order to check these results, 
bone collagen was treated wdth alcohol for one week, well washed with 
sterile water and then placed in a sterile medium containing feeding 
larvae. Examination after forty-eight hours showed digestion of bone 
collagen. Bacteria, therefore, played no role in the preceding 
experiments. 

STABILITY OF THE ENZVME 

A brief study was made to detennine the stability of the enzyme. 
Intestinal emulsions were prepared, eight intestines being used for each 
cubic centimeter of saline solution. Equal portions of glycerin were 
added to half of the aliquots and thymol to all. The cmulsion.s were 

Table 5 . — E.rpcrimetits to Detennine Sfalnfify of the Ensyme 


.Me- of lion'" t'ollner!! 


Bone collagen pins excreta plus thymol niter 24 

BoSe collagen pins excreta plus thymol plus glycerin after 24 hour.. 

lone col’alm Plus Sereta plus tbs^inSl pfufg/yeX“ after 45 hour.'^.. 

nils n!:;? houiA 

iSe 11:;= SI 111; iw 


to 
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incubated, and after twenty-four, forty-eight and seventy-two hours 
and one week bone collagen was added to both glycerin and plain emul- 
sions. Further incubations were then carried out for forty-eight hours 
at 37 C. The results are given in table 5. 

A study of table 5 shows that the enzyme possesses a fair amount 
of stability. Guyenot (1907) showed that maggots were capable of 
ingesting only microscopic particles, and it would therefore appear that 
stability of enzymes would be a necessity for the existence of larval life. 

PROTEOLYTIC ACTIVITY AT VARIOUS HYDROGEN ION CONCENTRATIONS 

It was felt to be of value and of interest to determine the concentra- 
tion at which proteolytic activity reached a maximum. Emulsions were 
made with five intestinal tracts to each cubic centimeter of buffer solution 
at various concentrations as shown in figure 2. These emulsions were 
corrected when necessary, and equal portions of ossein were added to 
each. The results are presented in figure 2. 
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Fig. 2. — Chart showing proteolytic activity at various hydrogen ion concen- 
trations. 


The findings failed to reveal an appreciable point of maximum 
activity, but showed a rather wide range with virtually no variation. 
At /)h 7.5 there was an increase in the digestion of collagen of 0.1 mg., 
while below />h 5.8 and above />h 8.2 the activity decreased. This wide 
range apparently would permit the larvae to adapt themselves to an 
average medium. 

SUMMARY OF OBSERVATIONS IN FOREGOING SECTIONS, WITH COMMENT 

The intestines of the larvae of Phormia regina excrete a proteolytic 
enzyme capable of digesting bone. The digestion occurs essentially on 
ossein, the organic portion of the bone. No attempt was made to deter- 
mine the ultimate fate of the inorganic salts; since this matter would 
involve an extensive investigation, the subject was left open for further 
research. Tlie enzyme, which can also be extracted from the excreta 
of the larvae, shows fair stability and is capable of maximum activity 
over a wide range. Digestion of gelatin and collagen derived from 
white fibrous tissue has also been demonstrated, but a specific enzyme 
for each of the substances could not be found. 
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It is of interest to note that Shinoda (1928) showed digestion of 
colJagen by the gastnc juice of the crawfish (Astacus) bvUelt that, 
with the present knowledge of enzymes, an attempt to extract a specific 
agent was not feasible. He, too, found that the activity of the enzyme 
occurred over a wide range with little evidence of a maximum point of 
digestion. 


RELATIONSHIP OF MAGGOTS TO BACTERIA 

For years it was felt that bacteria played an essential part in 
larval digestion. Baumberger (1919) stated that bacteria were an 
important source of food, while Portier (1919) considered them a 
source of vitamins for maggots. My previous study of digestion obvi- 
ates the necessity for any further preliminary review of the literature 
other than a consideration of several factors. It has been proved that 
bacteria are not necessary to the growth of larvae. Duncan (1926) 
and other workers have demonstrated bacterial destruction bj' the 
intestines of maggots. Whether maggots are capable of destroying 
bacteria by virtue of immunity or by digestion is open for considera- 
tion, since no specific evidence has thus far been given relating to 
this subject. Livingston (1932) felt that an active principle was 
present which was capable of destroying bacteria, and, furtliermore, 
he believed that this active substance could be extracted by making 
emulsions of mashed maggots. No experimental evidence was given 
other than the ingestion of bacteria by larvae and the clinical evidence 
of cures. The question of the relationship of maggots to bacteria is 
therefore open for further investigation. 

Procedure. — Maggots were cultivated by aseptic means, the Baer beef, Jiver 
and yeast medium being employed. About 200 maggots were emulsified witli 
physiologic solution of sodium chloride to make a liquid suspension. Twenty-four 
hour growths of Staphylococcus aureus. Pneumococcus, the typhoid bacillus, Bac- 
illus proteus and Micrococcus flavus-liquefaciens were suspended in physiologic 
solution of sodium chloride, very dilute suspensions being made. The staphylo- 
coccus was obtained from the wound of an operation for osteomyelitis, while B. 
proteus and the micrococcus were taken from an intestinal smear of maggots. 
Dilutions as high as 1 : 16 were made of the maggot emulsions. The usual routine 
bactericidal tests were performed with each type of bacterium mentioned, a saline 
control being used in every case. In each group 1 cc. of emulsion was nn.vcci wit i 
0.5 cc. of bacterial suspension, incubated at 37 C. for three hours, plated on agar 
and incubated for twenty-four hours, and the colonies were then counted. Tins 
work was repeated with sterile maggots raised on Baer’s medium winch Jiad kicii 
inoculated with each of the organisms described, i. c., .Sfapliylococcus in ns . , 
Pneumococcus in flask 2, etc. 

Results of both groups of experiments arc given in tables 6 to 10. 

A study of the results shows that emulsions of maggofs are not 
bactericidal in action, hut on the contrary favor bacterial grotvfh. 
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Table G.—Baclrrictdal Tests ti>ilh Etniilsiotis aj Matjools and Slat’ll- Aureus 


Number o£ Colonies Alter 
21 Uours ot Incubation 

A ^ 


Experiment I 

1 cc. innKROl eimilblon 

Umlllutcd plus O.ri cc. S. aureus sus|iciinIi>u 

Diluted 1:2 plus 0.5 cc. S. aureus suspension 

Diluted 1:4 plus 0.5 cc. S. aureus susitcn.slon 

Diluted 1:8 plus 0.5 cc. S. aureus suspension 

Diluted l:10 plus 0.5 cc. S. aureus su.spenslon 

1 cc. physiologic solution of so<Iluni chloride plus 0.5 cc. S. aureus 

suspension 

Expcrlmcnl 2 ^ 

1 cc. maggot, cuiuls'.on 

Undiluted plus 0.5 ce. S. aureus suspension 

Diluted 1:2 i)lus 0.5 ce. S. aureus suspension 

Diluted 1:4 plus 0.5 ce. S. aureus suspension 

Diluted 1:8 plus 0.5 cc. S. aureus suspension 

Diluted ItlG plus 0.5 cc. S. aureus suspension 

1 ec. physiologic solution ot sodium chloride plus 0.5 ec. S. nurc\is 

suspension 

Experiment 3 

1 cc. maggot emulsion 

Undiluted plus 0.5 cc. S. aureus suspension 

Diluted 1:2 plus 0.5 cc. S. aureus suspension 

Diluted 1:4 plus 0.5 CO. S. aureus suspension 

Diluted 1:8 plus 0.5 CO. S. aureus suspension 

Diluted 1:10 plus 0.5 cc. S. aureus suspension 

1 cc. physiologic solution ot sodium chloride plus 0.5 cc. S. aureus 
suspension 


Filtered 

Nonstcrllc 

Emulsion 

ICmulslon 

1,280 

1,020 

848 

1,300 

800 

820 

400 

G70 

3S0 

500 

132 

230 


1,410 

1,280 

014 

750 

770 

048 

41C 

307 

05 

120 

84 

00 


1,318 

1,414 

800 

840 

480 

032 

328 

400 

214 

310 

57 

84 


Table 7. — Bactericidal Tests with Emidstous oj Maggots and B. Typhosus 


Number ot Colonies Alter 
24 Hours oi Incubation 


Experiment l 

1 cc. maggot emulsion 

Undiluted plus 0.5 cc. D. typhosus suspension 

Diluted 1:2 plus 0.5 cc. B. typhosus suspension 

Diluted 1:4 plus 0.5 ce. B. typhosus suspension 

Diluted 1:8 plus 0.5 cc. B. typhosus suspension 

Diluted 1:10 plus 0.5 cc. B. typhosus suspension 

1 cc. physiologic solution ol sodium chloride plus 0.5 cc. B. typho- 
sus suspension 

E.xperiment 2 

1 ce. maggot emulsion 

Undiluted plus 0.5 cc. B. typhosus suspension 

Diluted 1:2 plus 0.5 cc. B. typhosus suspension 

Diluted 1:4 plus 0.5 cc. B. typhosus suspension 

Diluted 1:8 plus 0.5 cc. B. typhosus suspension 

Diluted 1:16 plus 0.5 cc. B. typhosus suspension 

1 cc. physiologic solution of sodium chloride plus 0.5 cc. B. typho- 
sus suspension 

Experiment 3 

Undiluted plus 0.5 cc. B. typhosus suspension 

Diluted 1:2 plus 0.5 cc. B. typhosus suspension 

Diluted 1:4 plus 0.5 cc. B. typhosus suspension 

Diluted 1:8 plus 0..5 cc. B. typhosus suspension 

Diluted 1:16 plus 0.5 cc. B. typhosus suspension 

1 cc. physiologic solution ol sodium chloride plus 0.5 ec. B. tynho- 
sus suspension 


Filtered 

Nonsterilo 

Emulsion 

Emulsion 

1,130 

1,158 

704 

864 

560 

019 

500 

420 

370 

314 

122 

108 


090 

940 

585 

706 

480 

SOS 

328 

320 

214 

116 

57 

72 

898 

702 

772 

372 

567 

459 

328 

274 

240 

JIG 

90 

84 
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1 ABLE S.—Baclcrkidal Tests zvith Suspensions of Mac/gols and Pminiiococais 


E.\'i)crJniciit I 

1 cc. iniieuol siisiu'ii.slon 

UiKiiliitwi plus 0.5 cc. pneumococcus suspension. 

Vltiitccl 1:3 phis o.rt cc. pneumococcus suspension 

Dilutotl 1:4 plus 0.5 cc. pneumococcus suspension 

Vlhitei) 1:S pins 0.5 cc. pneumococcus suspension 

Vlhited 1:16 plus 0.5 cc. pneumococcus suspension 

1 cc. physiologic solution of sodium chloride plus 0.5 cc. piieumo- 
coccus suspension 

E.vporiment 2 

I cc. lunggot suspension 

Undiluted plus 0.5 cc. pneumococcus suspension 

Diluted 1:2 plus 0.5 cc. pneumococcus suspension 

Diluted 1:4 plus 0.5 cc. pneumococcus suspension 

Piloted 1:S plus 0.5 cc. pneumococcus suspension 

Diluted 1:16 plus 0.5 cc. pneumococcus suspension 

1 cc. physiologic solution of sodium chloride plus 0,5 cc. pneumo- 
coccus suspension •. 

E.xperlment 3 

1 cc. maggot suspension 

Undiluted plus 0.5 ec. pneumococcus suspension 

Piloted 1:2 plus 0.5 ec. pneumococcus suspension 

Diluted 1:4 plus 0.5 cc. pneumococcus suspension ; 

Piloted 1:S plus 0.5 cc. paeomoeoecos suspension 

Diluted 1:10 plus 0.5 cc. pneumococcus suspension 

1 cc. physiologic solution of sodium' chloride plus 0,5 cc. pneumo- 
coccus suspension 


Number of Colonies After 
24 Hours of Incubation 


Entered 

Nonsterilc 

Emulsion 

Emulsion 

6S0 

OTO 

510 

420 

379 

400 

IGO 

182 

40 

91 

3S 

81 

500 

520 

360 


270 

300 

200 

I«S 

102 

90 

4S 

50 

412 

390 

290 

24S 

200 

172 

ICS 

106 

SS 

52 

SO 

£0 


Table 9. — Bactericidal Tests with Suspensions of Maggots and B. Proteus 


Number of Colonics Alter 
, 24 Hours of Incubation 


Experiment 1 

1 cc. maggot suspension 

Undiluted plus 0.5 cc, B. proteus suspension 

Diluted 1:2 pius 0.5 cc. B. proteus suspension 

Diluted 1:4 plus 0.5 cc. B. proteus suspension 

Diluted 1:8 plus 0.5 ec, B. proteus suspension 

Diluted 1:10 plus 0.5 cc. B. proteus suspension 

1 cc. physiologic solution of sodium chloride pius 0,5 cc. B. 
proteus suspension 


Experiment 2 

1 cc. maggot suspension 

Undiluted plus 0.5 cc. B. proteus suspension 

Diluted 1:2 plus 0.5 cc. B. proteus suspension 

Diluted 1:4 plus 0.5 ce. B. proteus suspension 

Diluted 1:8 plus 0.5 cc. B. proteus suspension 

Diluted 1:16 plus 0.5 cc. B. proteus suspen-slon 

1 cc. physiologic solution of sodium chloride pius O.j ce. i , 
proteus suspension 


E.xperiment 3 

1 cc. maggot suspension 

Undiluted plus 0.3 cc. B. proteus suspcu.don 

Diluted l:2 plus 0.5 cc. B. proteus suspension 

Diluted l:4 plus 0.5 ec. B. proteus 

Diluted 1:8 plus 0.5 cc. B. proteus su.“pensloii 

Diluted l:W plus 0.5 cc. B. proteus suspension.... 

1 ec physiologic solution of so.llum chloride phi- o... k. 1- 
proteus suspension 


Filtered 

Nonstcrllo 

Emulsion 

Emulsion 

l.CSO 

1,470 

1,2.92 

1, 201 

750 

OK 

414 

274 

190 

190 

101 

170 

1,',WS 

1,414 

cot 

1,002 

710 

n<, 

390 

r.-jo 

17C 

2011 

172 


l.-o 

l.MO 

1.4:;' 

749 

1,099 


0)? 

■f-l 

,'.-0 

rjff 
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A preliminary study was now made of bacteria found in the intestinal 
tracts of the larvae of Phorinia rcgina. B. protcus and M. flavus- 
liquefaciens, which have already been dcscriljcd, could be seen 
in abundance in intestinal smears. Grown maggots were placed 
on a sintered filter and covered with gauze. The larvae were 
washed with a slow stream of water which was continuously removed 
by a vacuum suction apjraratus connected to a flask. In this manner 
the larvae were kept moist and active. Starvation w^as continued for a 
week, and each day the maggots that had survived the ordeal were 


Table 10 . — Bactericidal Tests with Susf'cnsions of Maggots and M. Flavus 

Liqucfacicns 


Experiment 1 
1 ec. innBeot suspension 

Undiluted plus 0.5 cc. Micrococcus flavus linucliicicns suspension. . . 

Diluted 1:2 plus 0.5 cc. Micrococcus flnvus-llnucfnclens suspension. . 

Diluted 1:4 plus 0.5 cc. Jllcrococcus flnvus-llquctnclcns suspension. 

Diluted 1:8 plus 0.5 cc. Micrococcus flnvus-llqucfnclcns suspension. 

Diluted 1:10 plus 0.5 cc. Micrococcus flavus-llquctnclens suspension 
1 cc. physiologic solution ol sodium chloride plus 0.5 cc. Micrococcus 

navuE-llquetaclcns suspension 

Experiment 2 
1 cc. maggot suspension 

Undiluted plus 0.5 cc. Micrococcus flnvus-llquctncicns suspension... 

Diluted 1:2 plus 0.5 cc. Micrococcus flavus-llqucfacicns suspension. 

Diluted 1:4 plus 0.5 cc. Micrococcus flnvus-llquctncicns suspension. 

Diluted 1:8 plus 0.5 cc. Micrococcus flavus-liquclaclens suspension. 

Diluted 1:10 plus 0.5 cc. Micrococcus flavus-llqucfacicns suspension 
1 cc. physiologic solution of sodium chloride plus 0.5 cc. Micrococcus 

navus-liquefaclens suspension 

Experiment 3 
1 fc. maggot suspension 

undiluted plus 0.5 cc. Micrococcus flavus-Iiquefnclcns suspension... 

rvi * j 1:2 plus 0.5 cc. Micrococcus llavus-liquefaeiens suspension. 

tv!"* 5 1:4 plus 0.5 cc. Micrococcus flavus-llquefacicns suspension. 

Diluted 1:8 plus 0.5 cc. Micrococcus flavus-llquefacicns suspension. 

DiluMd 1:1S plus 0.5 cc. Micrococcus flavus-llquefacicns suspension 
r cc. physiologic solution of sodium chloride plus 0.5 cc. Micrococcus 
navus-hqucfaciens suspension 


Kumber of Colonics Alter 
24 Hours of Incubation 

A 


Filtered 

Nonstcrilc 

Emulsion 

Emulsion 

1,242 

1,35S 

868 

SiG 

588 

592 

346 

4C4 

244 

S22 

226 

245 


1,300 1,100 


864 

1,050 

702 

549 

506 

364 

375 

298 

162 

184 


870 

1,012 

644 

804 

328 

658 

204 

436 

162 

203 

122 

188 


removed. At intervals, examinations were made of intestinal smears, 
but no gross evidence of decrease in bacteria could be noted. Further 
study was then made by emulsifying intestinal tracts which had been 
dissected from the maggots. About ten intestinal tracts were used to 
^ach cubic centimeter of physiologic solution of sodium chloride, and 
the solution was filtered through a Handler filter. Bactericidal tests 
■'■I'ere made, the technic and organisms used being the same as those 
previously described. The results of these experiments were negative, 
representative tests are recorded in table 11. 

Further studies were then made, consisting of agglutination tests, 
^^oti microscopic and macroscopic. Observations were also rnaae for 
^3 >c changes. Emulsions were prepared of whole sterile maggots and 

1 aminated maggots as described, i. e., maggots fed in mediums inocu- 
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lated with pure strains of Staphylococcus, Pneumococcus and other 
organisms, and emulsions of intestines. The emulsion of whole mag- 
gots was prepared by mashing 200 larvae and diluting with physiologic 
solution of sodium chloride, while ten intestinal tracts to each cubic 
centimeter of saline solution were used in the second preparation. 

Table 11. Results 0/ Bactericidal Tests imth Eniulsioiis of Larval Intestines and 
Bacteria Found in Lanai Intestinal Tracts 


E.N'periinpiit 1 

1 ee. Intestinal emulsion 

Undiluted plus 0.5 ec. Stnplj.Tloeocciis aureus suspension. . 
Diluted 1:2 plus 0.5 ce. Stnphrlococcus aureus suspension. 
Diluted 1:4 plus 0.5 ce. Stapliylococcus aureus suspension. 
Diluted 1:8 plus 0.5 cc. Stapliyloeoeeus aureus suspension. 
Diluted 1 : 1 G plus 0.5 cc. Staphylococcus aureus suspension 
1 cc. physiologic solution of sodium chloride 


Number of Colonies 
After 24 Hours’ 
Incubation 

1,S30 

1,012 

SCO 

4SS 

S60 

ICO 


Experiment 2 

1 cc. intestinal emulsion 

Undiluted plus 0.5 cc. pneumococcus suspension 1,160 

Diluted 1:2 plus 0.5 ec. pneumococcus suspension STG 

Diluted 1:4 plus 0.5 cc. pneumococcus suspension C4S 

Diluted 1:8 plus 0.5 cc. pneumococcus suspension 412 

Diluted 1:16 plus 0.5 cc. pneumococcus suspension 220 

1 cc, physiologic solution of sodium chloride plus 0.5 ec. pneumococcus 
suspension 176 


E.vperiment 3 

1 cc. intestinal emulsion 

Undiluted plus 0.5 cc. B. typhosus suspension 

Diluted 1:2 plus 0,5 cc. B. typhosus suspension 

Diluted 1:4 plus 0.5 eo, E. typhosus suspension 

Diluted l;S plus 0.5 cc, B. typhosus suspension 

Diluted 1:16 plus 0.5 cc. B. typhosus suspension 

1 cc. physiologic solution of sodium chloride plus 0.5 cc. B. typhosus 
suspension 


940 

SCO 

572 

265 

I2S 

100 


Ex'periment 4 

1 ce. intestinal emulsion 

Undiluted plus 0.5 cc. E. proteus suspension 

Diluted 1:2 plus 0.5 cc. B, proteus suspension 

Diluted 1:4 plus 0.5 cc. B. proteus suspension 

Diluted 1:8 plus 0.5 cc. B. proteus suspension 

Diluted 1:10 plus 0.5 cc. B. proteus suspension 

1 ce. physiologic solution of sodium chloride plus 0.5 cc. B. proteus sus 
pension 

Experiment 5 

1 cc. intestinal emulsion 

Undiluted plus 0.5 ce. Micrococcus flavus-Iiquefaciens suspension 

Diluted 1:2 plus 0.5 cc. Micrococcus flnvus-liqucfaciens suspension 

Diluted 1:4 plus 0.5 cc. Micrococcus llnyus-liguefaciens suspension 

Diluted 1:8 plus 0.5 ce. Micrococcus flavus-Iiquefaciens suspension 

Diluted 1:16 plus 0.5 cc. Micrococcus flavus-liqucfaclens suspension 

1 ee. physiologic solution of sodium chloride plus 0.5 cc. Micrococcus 
flavus-Iiquefaciens suspension 


1,124 

910 

£39 

674 

254 

23S 


72S 

712 

420 

291 

185 

B7 


11 emulsions were filtered tlirough a Handler filter. 

I cc.) of very dilute suspensions of twenty-four hour 
-owths were added to the emulsions and incubated for 
Durs at 37 C. Microscopic agglutination tests were made, 
f emulsion and 1 loopful of bacterial ^»^P^”^ 5 on being us« . 
itions were made for several hours, during vhic i ^ 
round slide suspensions were incubated as desen . 

•idence of definite agglutination or lysis (table 32). 
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The final study was devoted to the possibilit}’’ of digestion of bacteria 
by lain'ae. Emulsions were made of ten intestinal tracts and 1 cc. of 
physiologic solution of sodium chloride. Dilute saline suspensions were 

Table 13. — Tests for Digestion of Bacteria by Emulsions of Larval Intestines 


Experiment 1 

(1) 1 cc, unchanged intestinal emulsion plus 1 cc. S. aureus suspension, 

1 cc. heated intestinal emulsion plus 1 ce. S. aureus suspension 

1 cc. unchanged control 

(2) 1 cc. unchanged intestinal emulsion plus i ce. S. aureus suspension. 

1 cc. heated intestinal emulsion plus 1 cc. S. aureus suspension 

1 cc. unchanged control 

(S) 1 cc. unchanged intestinal emulsion plus 1 cc. S. aureus suspension. 

1 cc. heated intestinal emulsion pius 1 cc. S. aureus suspension 

1 CO. unchanged control 


(1) 1 cc. unchanged intestinal emulsion plus i cc, B. typhosus suspension 

1 cc. heated intestinal emulsion plus 1 cc. B. typhosus suspension — 
1 cc. unchanged control •••• 

(2) 1 cc. unchanged intestinal emulsion plus 1 cc. B. typhosus suspension 

1 cc. heated intestinal emulsion plus 1 cc. B. typhosus suspension.... 
1 cc. unchanged control 

ts) 1 cc. unchanged intestinal emulsion plus 1 cc. B. typhosus suspension 
1 cc. heated intestinal emulsion plus I ce. B. typhosus suspension.... 
1 cc. unchanged control 


Increase in 
Formaldehyde 
Titration, 
Cc. Hundredth- 
Kormai A'aOH 

0 

0 


0 

0 


0 

0 


0 

0 


0 

0 


0 

0 


unchanged Intestinal emulsion plus 1 cc. B. Projousjujpenjion g 

^ ^ 1 cc. heated intestinal emulsion plus 1 cc. B- proteus suspension _ 

1 cc. unchanged control « 

(2) 1 cc. unchanged intestinal emulsion ^ 0 

^ ' 1 cc. heated intestinal emulsion plus 1 cc. B. proteus suspension _ 

1 cc. unchanged control ^ 

rs^ 1 ce. unchanged intestinal emulsion plus 1 cc. B. proteus ^sponsion 

1 ce! heXd intestinal emulsion plus 1 cc. B. proteus suspension ^ 

1 cc. unchanged control 

i ^c; S?at"d » 

i i; i;Sed"kstinir'eMo"^ p“ Si “ar^sSwetadSf^^ 0 

1 cc. unchanged control 

Experiment 5 emulsion plus 1 cc. pneumococcus suspension.... ^ 

1 cc! “at“d intestinll emu^^^^^^^^ plus t ec. pneumococcus _ 

1 cc. unchanged control i'''VT"'nnniVm'ocoecus suspcoslon — !! 

i cc.- heatd“inteitM‘emysT^^^^^^^ pneumococcus „ 

1 cc. unchanged control WT "nnpumococcus suspension.... ° 

1 cc! bcatcd“intei“lnlf'emul^^^^^ cl pneumocom.s „ 

I ce. unchanged control — ' 

made of Staph, aureus, the typhoid baalius,Pne^ , 

M. flavus-liquefaciens. Quantitie ||j„inarv study of bnctrrn! 
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not considered sufficiently accurate to record. Heavy twenty-four hour 
suspensions of bacteria in physiologic solution of sodium chloride were 
then added to intestinal emulsions, 1 cc. portions of each being employed. 
Thymol was added in each case, and controls as described were run 
in series. Digestion was detennined by increase in formaldehyde titra- 
tions. All results were negative (table 13). 

SUMMARY OF OBSERVATIONS IN FOREGOING SECTION 

The work failed to reveal any bactericidal action, agglutination, lysis 
or digestion of bacteria and does not confirm the claims of previous 
workers. 

CONCLUSIONS 

1. The intestines and excreta of the larvae of Phormia regina con- 
tain proteolytic enzymes capable of digesting ossein, white fibrous tissue 
collagen and gelatin. 

2. No specificity of enzymes could be demonstrated. 

3. The enzymes are fairly stable, and the activity extends over a 
wide range, the optimum being from pn 5.8 to pn 8.2. 

4. No bactericidal action, agglutination, lysis or digestion of bacteria 
could be detected. 

Dr. Alfred Ullman, surgeon-in-chief, made available the research fund and 
laboratories of the Sinai Hospital. The Lederle Laboratories, Inc., donated mag- 
gots throughout this work. Dr. Edward F. Roberts, assistant director, gave his 
cooperation. 

2309 Eutaw Place. 
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in a deeper position. External rotation and abduction were decreased. 
When only partial extirpation had been performed, partial regeneration 
often occurred. 

Bipartite Carpal Navicular Bone . — Reporting a case found post 
mortem, Boyd reconsidered the question of bipartite carpal navicular 
bone. The points differentiating this from a fracture of the navicular 
bone were taken to be : (1) absence of history of injury; (2) meagerness 
of physical signs; (3) roentgenographic appearance (in the congenital 
condition the cortex was uniform around the segments of the bone, 
while in the traumatic condition a broader, less sharply defined, dividing 
line was found), and (4) the possible bilateral presence of the con- 
genital condition, 

Stieda's Shadows on the Inner Aspect of the Femoral Condyles . — 
Andreesen studied 28 cases of Pellegrini-Stieda’s disease. He divided 
them into three groups according to the roentgenographic changes shown 
on the inner femoral condyle; 1. Cases showing a simple striplike 
shadow along the inner femoral condyle. This was observed in 11 
cases, in all of which there was a typical history of injury to the 
meniscus. 2. Cases showing a flat, irregular, shell-like shadow with 
a much decreased calcium content in comparison with the first group. 
This was observed in 8 patients, 3 of whom had a severe contusion on 
the inner side of the knee; the other 5 had severe twisting injuries. 
3. Cases showing shadows much larger than usual, irregular and extend- 
ing upward with apparent attachment to the condyle. In this group (9 
patients) the injury to the knee was more severe; in 3 there was a 
tear of the cruciate ligament and in 2 a complete tear of the internal 
lateral ligament. The end-results were much poorer in this third group. 
As a cause of these shadows, the author suggested a tear with sub- 
sequent hemorrhage and later calcification at the attachment of the 
adductor magnus. In group 3 an additional injury to the adjacent 
periosteum was postulated. All patients were in the third to the fifth 
decade. Immobilization symptomatically for the original injury with 
surgical measures when indicated was the treatment used. Study of 
cases for as long as six years showed little change in these roentgen 
shadows. Symptoms, when present, were accounted for by derangement 
in function caused b}’’ the original injury. 

PosUraitmatic Painful Osteoporosis.— -Fontaine and Herrmann-® 
advocated sympathectomy in cases of traumatic osteoporosis, a form 
of treatment carried out in Lerichel’s clinic since 1924. The condition 
usually involved the bones of the hand or foot, and followed either 

27. Boyd, G. I.; Brit. J. Surg. 20:455, 1933. 

28. Andreesen, R. ; Arch. f. klin. Chir. 174:162, 1933. 

29. Fontaine. R., and Herrmann, L. G. : .A.nn. Surg. 97:26, 1933. 



(.10 


ARchuvns or surgery 


m juries (strains or sprains) or more extensive injuries (fractures 
:;r c".loc,-„. 0 "s) Jt d.amc.cri.cd by; (1) loss of ,Lor taction of 
ex leint }> ( ) cliaiacteristic (osteoporotic) changes in the roent- 
genogram, (3) vasomotor disturbance and (4) pain. Twenty-two cases 
were reported, including 9 cases involving the hones of the wrist, 7 
ca.ses involving the bones of the ankle and 3 cases involving the bones 
of the shoulder joint. 


A'a/wr mid Trcalmcnl of So-Called Tennis Elboxv.—Uohmzmf'^ 
fiom liis studies of tennis elbow, concluded that the primar}' cause 
vas a peiiostcal tear. In roentgenograms a thickening could usually be 
obsen’cd over the lateral epicondyle. For treatment in the earl}' cases, 
rest was advocated, usually with a plaster cast including the hand, 
with no stretching of the spastic muscles about the elbow or forearm. 
Diathermy was given but no massage. In the chronic cases, operative 
treatment was ad\'ised. A curved incision was carried down to the bone 
oi'er (he external epicondyle, and the extensor muscles were then pushed 
distall}’ from their attachment, in this way removing the pull of the 
muscles on the previously injured periosteal area. Good results were 
reported in 15 cases in which this operation was performed. 

Glycine Treatment of Progressive Mnscnlar Dystrophy . — Kostakow 
and Slauclc studied the action of glycine in 7 persons with progressive 
muscular dystrophy as well as in 4 noniial persons. They concluded 
that glycine played a role in muscular physiolog}' similar to phosphatase 
and lactic acid. In muscular dystrophy the nature of the disease con- 
sisted in the inability of the body to metabolize creatine. By the addi- 
tion of glycine, the muscular metabolisw was improved and creatine 
metabolism was made more nearly normal. Through glycine therapy, 
the authors felt that new therapeutic possibilities ivere presented for 
the patients with progressive muscular d}'strophy. 

Gas Gangrene and Its Treatment. — Eft’kemann reviewed 53 cases 
of gas gangrene in which treatment was given at the Rudolf Virchow 
Hospital between 1928 and 1931. Thirty-four of the patients recovered, 

16 with amputation ; 19 died, 3 after amputation. Bacillus weichii was 
found in almost every case, usually in combination with other anaerobes. 
The local death of tissue, presence of nonpathogenic anaerobes, alka i 
content of the wound and poor hemostasis all aided in producing gas 
gangrene. In experimental animals the author was unable to pro uce 
gas gangrene with pure cultures of B. weichii when the noun 
left open, e^'en when earth was added; sewing the wound often e 


30. Hohmann, G.: Miinchen. med. Wchnschr. 80:250 (Feb. 

31. Kostakow. S., and Slauck, A.: Deutsche med. Wchnschr. 59.16 

2933. 

32. Effkemann, G. : Arch. f. klin. Chir. 174 : 1 , 1933. 
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gas gangrene. Latent infections as shown in experimental animals might 
be activated subsequent purulent infections. The best I'csults were 
observed with large, repeated doses of a polyvalent scrum. In addition, 
wide incision and packing %Yith antiseptics were used. As antiseptics, 
solutions of potassium permanganate and surgical solution of chlorinated 
soda seemed best. 

FRACTURES 

Damage to the Knee Joint from Long-Continued Traction in 
Fractures of the Thigh. — Felsenreich analyzed two groups of femoral 
fractures each comprising 30 cases. The first group was treated by 
traction applied through the tuberosities of the tibiae. The second 
group was treated by traction through the femoral condyles. The 
author’s interest lay in the consideration of symptoms of the knee 
joint which so often followed long-continued traction through the 
joint. In 5 of the 30 patients on whom tibial traction was employed 
severe “traction injuries” developed, necessitating manipulation. At 
these attempts adhesions were demonstrable, particularly in the supra- 
patellar pouch. Only 3 of the 5 did well. The author stated that insta- 
bility of the knee did not develop in this group, but that definite 
limitation of motion had appeared. The articular capsule was stretched ; 
the delicate synovial lining also was stretched. Inflammatory evidences 
of pain and effusion appeared rapidly, and in a few weeks extensive 
adhesions were present in the joint. For these reasons Felsenreich felt 
that traction through the tibial tuberosities was undesirable and should 
never be persisted in more than from three to four weeks, even in cases 
in which no alternative to traction was advisable. He advised condylar 
traction wherever possible, and open reduction, when necessary, as the 
lesser of two evils. 

[Ed. Note. — The author, in attributing these disabilities to traction, 
seems to be overlooking the influence of prolonged immobilization.] 

Treatment of Patellar Fractures and Posttramnatic Aj-thritis . — 
Of 57 patients with patellar fractures with separation of the fragments, 
17 were treated conservatively and 40 were operated on by Frederick.®"^ 
In 90 per cent of the cases in which operation was performed, normal 
or almost normal function was obtained, compared to less than 60 per 
cent of normal function in the nonoperative groups. In more than 
so per cent of the operative group, the result was perfect. Bony healing 
occuvved proportionately three times as often in the operative group 
as m the nonoperative group. Arthritis appeared twice as often in 
the nonoperative as in the operative group. Frederick believed the 

33. Felsenreich, F. ; Arch. f. klin. Chir. 174:667, 1933. 

3-1. Frederick. F.; .Xrch f. klin. Chir. 174:747, 1933. 
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l.emar<hrosis, (3) i„„g 

imn.oluli/,,tion of the joim ami (4) poor union of the fracture; 

0/-m,/,o„ for rrochnc of i:,o Po/c/h.~OI>cr « reported on a single 
01 transverse fracture of the patella which was repaired with a 
por non of the quadriceps tendon. The midportion of the quadriceps 
tendon was divided trans\-ersely approximately 4 inches above the 
.superior border of the patella and split longitudinally, and the two pieces 
of tendon were dissected free down to the patella. These two tendinous 
stiips weic then passed through drill holes in the patella and sewed 
to the ligaincntum patellae. The patella united solidly, and the patient 
obtained 85 per cent of flexion in approximately eight months’ time. 


F) cictu) cs of iltc Hccid and Neck of the Radius . — Fourteen cases of 
liacturc of the proximal end of the radius in children were reported by 
Bohrer.^® 1 hese cases from the Children’s Fracture Clinic at Bellevue 
Hospital were seen during the past ten years and represented 3 per cent 
of all of the fractures about the elbow joint. From a study of these 
cases the auliior concluded that fractures of the head and neck of the 
radius in dn’ldren should be treated consen'atii'dy unless there was 
marked displacement of the fragments; with marked displacement, 
early operation with replacement was preferable to resection. If resec- 
tion was done, about 50 per cent would present synostosis of the radius 
and ulna several months after operation. Of 5 children operated on, 
2 had full function permanently; 3 had complete function when dis- 
charged from the hospital, but over a period of several months rotation 
was lost because of productive periostitis followed by synostosis of the 
radius and ulna. Of the 9 patients treated conservatively, 3 had severe 
injuries with displacement or comminution of the head of the radius, 
synostosis developed in 2 with loss of rotation, and 1 recovered complete 
function. The remaining 6, with slight trauma, recovered complete 
function. 


[Ed. Note. — This article gives an excellent discussion of the subject. 
Operative treatment is less frequently indicated for children than for 
adults'. If operation is to be done, it must be done early.] 


End-Results of Carpal Scaphoid Fractures.~Ont hundred and seven 
;ases of fracture of the carpal scaphoid were reported from t e 
lUrgical dispensary of the Episcopal Hospital in Philade p la y 
inodgrass.®^ Ninety-five of the patients were males and 12 were ema e 
rhe end-results were determined in 61 cases, in 48 of which roen geno 
raphic studies were made. In 40 cases the final result was listed as goo , 


35. Ober, F, R.: J- Bone & Joint Surg. li:640, 1932. 

36. Bohrer, J. V.: Ann. Surg. 97:204, 1933. 

37. Snodgrass, L. E. : Ann. Surg. 97:209, 1933. 
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in 10 moderately good and in 11 poor. Five of the 61 patients had 
been operated on, with poor results in 3 and good results in 2. 

[Ed. Note. — A more complete analysis of these cases would be 
of interest. From this series of cases the conservative type of treat- 
ment is shown to be the best.] 

Late Results of Separation of Epiphyses. — Ireland examined 18 

patients with 19 epiphyseal separations, from seventy-four days to seven 
and one-half years after the original injur3^ Sixteen of these lesions 
were due to trauma and 3 to scurvy. Eleven patients were treated 
conservatively b)' closed reduction. Of these, 1 had shortening and 1 
had lengthening as measured in roentgenograms; 2 had osseous union 
of the epiphysis to the shaft ; 1 had deformity, and 1 had poor function, 
but none had arthritis. Two patients with 3 epiphyseal separations due 
to scurvy were treated by simple rest in bed without splints, but were 
given antiscorbutic food and medication. One had shortening and 
deformity, but in neither was there osseous union of the epiphysis to 
the shaft, impaired function or arthritis. Five patients were treated 
by open operation. All of these had subsequent shortening as measured 
by roentgenograms, and 4 showed shortening by external measurements ; 
1 had osseous union of the epiphysis to the shaft, and 1 had a resulting 
deformity, poor function and arthritis after removal of the epiphysis. 

Osteosynthesis for Fracture of the Femoral Neck According to 
Sven Johannson. — Krauss®° considered Johannson’s modification of 
Smith-Petersen’s procedure of nailing the fractured femoral neck 
a distinct advance. Johannson inserted a Kirschner wire through the 
site of fracture. The position of the wire was then checked by roentgen- 
ograms, the table being specially fitted for this purpose. After the 
Kirschner wire had been satisfactorily placed, a special nail with a hole 
in Its longitudinal axis was threaded on the wire and driven into the 
femoral neck over the guide wire. The Kirschner wire was then with- 
drawn. This procedure obviated the necessity for a long incision. 

[Ed. Note. — This is an ingenious improvement in technic which 
may later prove to be useful. There is always the danger that the 
fracture may appear to be satisfactorily reduced in anteroposterior 
roentgenograms while roentgenograms in the lateral plane will show 
that the fracture is not reduced.] 

38. Ireland, J.; Ann. Surg. 97:189, 1933. 

39. Krauss, F.: Zentralbl. f. Chir. 60:864, 1933. 

40. Smith-Petcrscn, M. N.; Cave, E. R, and Vangorder, G. W.: Intracapsular 

'racturcs of tlic Neck of the Femur; Treatment by Internal Fixation A.rcb 
Surg. 23:715 (Nov.) 1931. ’ ' 
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.JWj,,, „/ „f ,l,c Head of the some cases 

< t - 'ipind upper lemoral c])iph 3 'sjs in ibc adolescent were due to renal 
nclcets u-as the opinion of Brailsford,^ wlio concluded that this con- 
ation could be diagnosed roentgenographicalJ)- by an increase of the 
density of (he nie(a])hyscal periphery of the epiphysis, some' increase 
in the ha-adlh of the nictaphysis, and a “wooUiness” of the extremity 
of the diajihysis. Tlie urine, of such patients contained albumin. Under 
suitable ticatiuent, consolidation took place within a month. 


f?rsiifts in Trcafmcnt of Fractures of the Thigh.~Brandt^~ renewed 
d-lO fractiuc.s of (he thigh observed in Magnus’ clinic in Bochum 
bctuccn 1925 and 1929. Seven of the patients died, 2 from hemor- 
rhage, and 5 from embolic complications from two to seventeen days 
after the injury. Compound fractures were observed in 46 cases, or 
10.2 per cent. Ihey were divided into three groups anatomically: (1) 
fractures proximal to the trochanters, 110; (2) fractures of the femoral 
diaphysis, 299; (3) supracondylar and cond 3 dar fractures, 31. Treat- 
ment consisted usuall}’ of extension with the hip in midabduction 
and with slight flexion of the hip and knee. Skeletal traction 
on the head of the tibia was carried out in 369 cases, with 
infection resulting at the site of traction only once. No subse- 
quent instability was observed in the knee joint. Extension was 
continued until consolidation of the fracture had occurred. Open reduc- 
tion was attempted rarel 3 ^ Nailing was done in articular fractures of 
the cond 3 des. \Vhen it was necessar 3 '-, position was maintained by wire 
traction about the fragments. This wire was removed in from three to 
four weeks. Light extension was the usual treatment in fractures of 
the femoral neck; 73.5 per cent of the cases healed without shortening. 


(Tables showing the end-results were not given.) 

Fractures of the Spinous Process. — Bofinger collected reports of 

16 cases of fracture of the spinous processes of the cenneal and dorsal 
vertebrae. In most instances the patient remained at work, and later 
when a ph 3 ^sician was consulted the correct diagnosis was rarely made. 
The clinical signs were tenderness and pain in the .lower cervical or 
upper dorsal region with occasional localized swelling. Lateral roent 
genograms rarely showed fractures of the spinous processes, but antero 
posterior roentgenograms showed irregularities and displacemen 
instead of the normal round or oval shadows of the spinous , 

The author believed that the fracture was due to muscular pull, 
muscular fatigue seemed to be the chief predisposing cause. 


41. Brailsford, J. F. ; Lancet 1:16, 1933. 

42. Brandt, K. D. : Ztschr. f. Chir. 239:294, 1933. 

43. Bofinger; Miincben. med. Wchnschr. 80:146 


(Jan. 27) 1933. 
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Tirnhnciit and Evaluation of Vertebral Fractures. — Schlcipen ■'* 
reviewed 109 eases of vertebral fracture observed at Frcil)urg in the 
past ten years. Extension was applied in fractures of the cervical spine. 
In the remaining cases the patient was kept on a Iiard bed until healing 
had occurred. Massage was begun in the second week. Sitting with 
support was permitted in four weeks. Standing was permitted in from 
seven to nine weeks. Ossification to neighboring vertebrae and arthritis 
of the vertebral joints were coinmonlj' seen in tlie region of the frac- 
ture. The mortality was 35 per cent in cervical fractures; 17 per cent 
in thoracic fractures, and 3.6 per cent in lumbar fractures. Death was 
usually due to injury to the spinal cord. Two deaths were due to fat 
emboli. Onl}^ 10 patients were completely witliout pain after two years. 
Normal spinal motion was found in only 23. The best results were 
observed in the cases in which motion was resumed early without 
atrophy of the spinal muscles. 

[Ed. Note. — The bibliography of the author showed that he was 
familiar with the methods used in America for decompression; but 
apparently the}" were not used in this clinic. One has only to read the 
results reported in this article to appreciate the value of modern methods 
which bring about the reduction and fixation of such vertebral frac- 
tures.] 

RESEARCH 

Healing of Bone and Cartilage After Sympathectomy. — Key and 
Moore, using cats, produced fractures in the bones of the extremities 
and defects in the articular cartilage. Approximate!}" one or two months 
later sympathectomies were performed, and while dilatation of the blood 
vessels was produced, there was no demonstrable effect on the rate of 
healing of the fractures or repair of the cartilage as compared to similar 
injuries in control animals. 

Influencing Growth and Regeneration of the Bone. — Boeminghaus 
studied the effect of the local and systemic applications of various sub- 
stances on regeneration and growth of the bone in young dogs. He 
found that regeneration of the bone could not be influenced appreciably 
by intensive feeding of vitamins and calcium-rich food substances, by 
local hyperemia, by local injections of solutions of isotonic potassium or 
calcium chloride or through the use of anterior pituitary extract, pro- 
vided the animals were in good health. The author concluded that in 
fhe organism that was not diseased osseous regeneration and growth 
pioceeded at an optimum without local or systemic stimulation. 

44. Schleipen, C: Deutsche Ztschr. f. ChiV. 238:618, 1933. 

. ^loore, R. M. : Healing of Fractures, of Defects in Bone 

n of Defects in Cartilage After Sympathectomy, Arch. Surg. 26:272 (Feb.) 1933. 

0- Boeminghaus, H. : Deutsche Ztschr. f. Chir. 238:684, 1933. 
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hffccl of Vioslcrol on the Periosteum in Experimental Fractures.— 
Grntier louncl that viostcrol in therapeutic doses caused stimulation of 
1 10 osteogenic layer of the periosteum in experimental fractures in the 
gumca-pig, while overdosage produced a condition simulating osteitis 
fibrosa with retardation in repair and dccalcification of the bone. 

The Effect of (I Diet Loxv in Calcium on the Breaking Strength of 
I'ltaling Fractures. — McKeown and co-workers found that a diet low in 
calcium Iiad little effect on the nonnal breaking strength of unfractured 
fibulae or of healing fractures in albino rats. They attributed this to 
an increase in the organic elements of the bone, substituting increased 
pliability for a decrease in the calcium content of the bone. They con- 
cluded that jrhosphorus was of more importance to the strength of heal- 
ing fractures than calcium. 

E.vpcriincnial Studies on Tuberculosis of the Bone.- — Mandelstamm,^® 
in experimentally produced tuberculosis of the bones, found tubercles 
always about the larger blood vessels whether infection was produced by 
intracardial injection, subcutaneous injection or intra-articular injection. 
The epiphyses showed a much greater tendency to the disease than the 
diaphyses. There seemed to be a local difference in the resistance of the 
tissue in various parts of a bone. Tubercles did not develop with 
equal frequency in different parts of the bone. There was no caseation 
in the bone marrow of the diaphysis, while this was frequently observed 
in the epiphyses. In the fatty marrow no tubercles developed. In rab- 
bits intraperitoneal injections (lymphatic absorption) of bovine tubercle 
bacilli produced a generalized infection and death in about two months 
with numerous tuberculous foci in the bones and joints.^ 

47. Grauer, R. C. ; The Effect of Viosterol on the Periosteum in Experimental 
Fractures, Arch. Surg. 25:1035 (Dec.)^1932. 

48. McKeown, R. K.; Harvey, S. C, and Lumsden, R. W.: Breaking Strengt 
of Healing Fractured Fibulae of Rats : Observations on Low Calcium Diet, Arc . 
Surg. 25:1011 (Dec.) 1932. 

49. Mandelstamm, M. : Beitr. z, klin. d. Tuberk. 82:98, 1933. 
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CONGENITAL CLEFTS OF THE FACE AND JAWS 

A SURVEY OF THREE HUNDRED AND FIFTY CASES IN 
WHICH OPERATION WAS PERFORMED 


HARRY P. RITCHIE, M.D. 

ST. P.\UL 

The charts and records Of 350 cages of liarelip and cleft palate 
have been reviewed. These f ises rvere selected because, with the excep- 
tion of^ 4 which were adds ^ to make an even number, the data are 
recorded by the classification and plan (figs. 1 and 2) suggested a 
number of years ago by Dr. John Staige Davis and m3-self. 

This classification is based on a series of congenital clefts which 
invoLe the face and jaw. The .condition of the alveolar process, i. e., 
whether it is normal or cleft, is emphasized to the point that it is the 
deciding factor in- describing the cases. Three main groups naturall}' 
folloM’: Group I, prealveolar cleft; Group 11, postalveolar cleft, and 
Gioup III, alveolar cleft. Thus new terms of description are evolved 
to designate the case as a whole. 

The objection to such a plan is concisely stated in the comment of 
a gieat medical editor, to wit; “Special terms in special fields tend 
toward confusion and misunderstanding to the general reader, and should 
be erased in favor of terms of common usage.” This is a most valid 
objection. However, the common terms of harelip and cleft palate are 
so pneral in their meaning as to the conditions present in a given case, 
and although adjectives— single, double, complete and incomplete— are 
added, the effort to be more specific in description appears to have some 
iDcnt I liope that the worth of the plan may be demonstrated through- 
it t le sun ej . The charts contain accumulated data on several phases 
of the problem of iiareiip and cleft palate. In order to abstract them 
n.s clcaily as possible, the report is divided into four parts : 

I. Familial Incidence and Associated Deformities and Conditions 

I ■ oTr-,T'°v ""f Sequence of Repair 

111. Operative Result and Technic Used ' 

IN . Conclusions 

t- EAMU.UM. IXCIDEXCE and .VSSOCI.WED DEFORMITIES AND 

CONDITIONS 
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CONGENITAL CLEFT LIP AND PALATE 

HISTORY 


4 ^ 


General No Date.. 

Name 

Address 


Surgical No. 


Date o( birth. 


litewui U$ 

•itk 

Ttfwt 


S« 


Color* 


FATHER. Nome 

Age Nationality. 

Occupation 

Habits. 

Mentality.^ 

Health at time of impregnatioQ 

Wassermann. 



rtonuU PrecetJ 
HomAl PtUta 
' with 

AMtoBucAl Ttrms 


MOTHER. Age Nationality . 

OccupatlooL 

Habits. ■■ . 

Men tali ty. 

Health at lime of conception 

and for 2^/2 months thgT^aft^ r. 

Excessive vomiting 

Injury during first 2*/^ months of pregnancy. 

Maternal impressions.— 

Time of occurrence 

Wassermann 


CHILD. Legitimate.,—... ^or illegitimate 

Whether first child. 

Other congenital clefts in the famfly? ... 

Rptfttirtfi<hip Location- 

Extent 

Birth. Nonual Complicated 

General condition 

Preliminary eor g. , 

Wassennann.— 


PHYSICAL EXAMINATION. 

Head, Teeth 

Tonsils; Adenoids.. 

Chest — 

Abdomen 

Extremitiea. 

Other congenital deformities, — — 


LABORATORY EXAMINATIONS. 

BLOOD. Hcmoglobia 

URINE. Acetone 

Albumin.— .. 

SPECIAL EXAMINATIONS. 


Clotting time. 
Diacetic add. 
Sugar 


pjg. 1. —Obverse side of the chart reduced from the hospital size of > 
inches. The data are discussed in the text, with the observations 
only are of importance, viz., familial incidence and associated 
ever, the plan of separate notes for the parents and the child offers 
concise and comprehensive questionnaire on social history. 
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Up Coloma 


SPECIAL EXAMINATION 



Dnir In Vegtf 



GROUP I. PRE-ALVEOLAR CLEFT. (Lip cleft. Process normal). 

1 iComplcte (.Cleft extends into nostril) 

1. Unilateral. Riphl j (Docs not extend into nostril) — 

Lett iComplete 

• Incomplete — • 

2. Median (rare) Complete. Incomplete. 

3. BUateral. ^'‘ISSSipIcte" 


Describe nostrils — 

NOTE; If associated mth palate cleft, also fill in GROUP 11 forni. 


Dr..toD.tt« GROUP n. POST-ALVEOLAR (rr<>«i.i CLEFT. (Palate clclt. Process normal). 

1 Soft Palate- Extent in thirds 

2. Hard Palate Extent in thirds - 

Situation and attachment ot septum 

Measurement of widest portion of cleft — — 

Palatine arch — High - Lxjw 

NOTE. If associated with lip cleft, fill in GROUP I form. 


Proceti aod 
PiUte ColutDO 


Right Left 



Draw In Decree 


Right 


GROUP m. ALVEOLAR (Proenti CLEFT. (Follows incisor sutures). 


■%) Umlatcral. 


n-Dnnv<iG Pickt jComplete (Cleft extends through alveolar process) 

FKUCiiob. g fc -j jjjcomplete (Cleft does not extend entirely through process) 


Left I Complete 


PALATE. Unilateral.. 
Complete . 


I Incomplete . 


Palatine arch — 

LIP. Unilateral Bilateral 

Complete- Incomplete. 

Median (rare). Complete ...... — 


Bilateral 

Incomplete 

High 


Median 


Low 


Median 


Incomplete.. 




Dnw in Dcstw 


RJght L«ft 3. 



DnirlnDegrte 


Bilateral. 

PROCESS. WshtjComplete. Left ;.r- — . . 

. Left •• ’ . 

PALATE. Right .... If. . 

palatine arch High.... Low. 

lSsfe::z: 

Locate any rudimentary structure .............. 

Note projection of premaxilla 

Note rotation of premaxilla 

Situation and attachment of nasal septum—. 

Measurement of cleft at alveolar process. 

Measurement of widest portion of palate cleft. 


Right Uh 



Mtuwe Proeoi Qefts 
OctU 

Dnwla D«tm 


If previous operations performed elsewhere, give dales. 
Fill in original condition on proper group form. 

Impression 

Recommendation - 


Photographs. Date,. — 

No 

Date. 

No-_. . 

X-ray plates. Date. 

No. 

Date 

No. 

ra.sM. Datft 

No 

Phonographic speech records, 

D-at* 

No 

Date ... 

No. 


Fig. 2— The reduced reverse side of the chart, with plans for graphic, literal 
record of the case as a whole. In Group I diagrams appear in the lip column 
only, so that no case with a cleft of the alveolar process and hard and soft palates 
c.in I)c placed in this group. Iii Group II there arc no diagrams in the lip column 
Ihcre is a normal alveolar process on the diagram in the palate column In 
Group III tlicrc are diagrams in troth lip and palate columns, because in this group 
•Til clefts apiK'ar except in cases in which there were normal hard and soft palates 
m which instance the outlines pertaining to the lip and process are marked and 
Iho outline pertaining to the palate is crossed out. 
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;uul (ho c!ii!(I ( li:,'. 1 ), which is recorded isi the effort to collect data which 
may hear on the question of cause. 

Neilhej' t)ie a.qes o{ the pnrciHa nor the disparity of ages between 
llie father and the motlier ap])arcntly have any Ijeariiig on the problem. 
-\ record was made of nationalities and consequent cross-breeds. It 
is interesting to note tlic many strains that go to make up the American 
citizen, hnt 1 cannot inter])ret these as having a bearing on the subject. 


Tahi.k 1. — Records of Cases xoith familial Incidence 


Tnsc 

1‘ntlent 

Group 

1 

1,. A. 

III B. 


K. r. 

n-2/3 

;; 

H. S. 

in h.C. 

I 

I,, n. 

in L.C. 

.1 

n. s. 

in B. 

t! 

K. JI. 

nr L.C. 

7 

W. F. 

nr II. 


.T. n. X. 

in B. 

<1 

n.K. 

m L.C. 

10 

n. A. 

in, with 

iioniifll pnlnte 

n 

F. .7. 

III I,.0. 

12 

.S, II. 

JI-2/.7 

in 

A. H. 

ll-iR, 

14 

1.7 

10 

17 

T. H. 

S. H. 

.T. W. 

G.II. 

11-2/3 

II, soft 
pninfeonly 
in L.C. 
ni, with 

normnl pnlnte 

IS 

IP 

20 

21 

®2 

A. R. 

I.. X. 

B. B. 

G. D. 

A. F. 

,1. R. 

F. R. 

H. K. 

R. T. 

C. G. 

H. H. 

M. T. 

nr L.C. 
in R.c. 
nr R.C. 
in L.C. 

Ill L.C. 

I L. 

HI B. 
ir-2/3 

III R.C. 
in B. 

Ill L.C. 
in L., with 

2.7 

24 

2.7 

20 

27 

25 

29 

normnl palate 

30 

G. S. 

III B. 

.71 

R. P. 

Ill L.C. 

32 

J. C. 

Ill B. 

,7,7 

34 

A.D. 

E. C. 

in 17. 

I B. 


Jlcntlicr of Fninily Affected 

Mother, cleft lip 

i'ntlicr, ifienticnl cleft 

rncic, cleft lip 

lirotlicr, cleft lip, riRlit 

Brother, cleft lip, right 

Mntcrnn! uncle, deft lip 

Cousin, both lip nnd pnlnte clefts 

Palcrniil great uncle, cleft unknown 

Sister, complete deft lip and pnlnte, left 

i'nthcr, cleft lip and pnlnte 

Sister, identical cleft 

3/ntprnnI grandmother, cleft palate 

Sister, cleft pnlnte 

sister, deft pnlnte 

Father, complete cleft 

Is a twin: sister normnl 
One brother and one sister-wjth elcits, no 
record of form 
Brother, Group III 
Mother, III L.C. . 

Cousin of father; no form recoitlcfl 
Cousin of father: no form reeorflcQ 
Paternal aunt; no form rocoidctl 
Maternal unde; no form recordefl 
Two brothers, each in Group I 
Cousin, Group II 

Cousin on maternal side. Group in 
Father, Group I B. 

Aunt, in B. 

One brother, III B. 

Three brothers: Peter, I B.; Mike, III b.C’-- 

8?Sob: B^!rf«ther's cousin. liP 

nnd pnlnte clefts 
One brother, Group II 
Twin; sister normnl 


A sUKly of .he ...eotelity of f 

This interpretation is most elusive, and wv ensnicious and 

encoioilei- mothers or fathers who are ““f othc - haotl'tlterc 
some that may be loosely tlescrtbed as in 

are many of a high degree of mtell.gence The.e nas ; 

which there was a history of gross ^ were 

in the early months of pregnancy. 
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Questions as to maternal impressions so infrequently evoked a posi- 
tive response that the few cases cited can have no value. In fact, most 
parents had never heard of the condition. 

The first item of possible value in the study of etiology is the familial 
incidence, concerning which there are several interesting stories. The 
cases in which there was a familial incidence are presented in detail in 
table 1. The groups are described in the tables in the text as follows; 
III B., Group III, bilateral ; II-2/3, Group II, two thirds of hard 
palate affected ; III L. C., Group III, left complete, etc. 

In the series of 350 cases, there were 34, or 9.2 per cent, with a his- 
tory of familial incidence. When one remembers that few families 



Fig. 3. — A set of twins ; tlie boy is normal, and the girl has all the clefts on 
one side. 


are acquainted with their history, other than that of members with 
whom they are in immediate contact, the percentage may be really large. 

In case 30, the child had a double harelip and palate and was the 
fourth child in sequence with a cleft. I repaired the cleft of the three 
brothers. This is the only case of this kind in the series. 

In the two sets of twins, in both cases apparentl}' not identical, one 
child bad a cleft (fig. 3) and the other child was normal. In another 
set. one child bad a double harelip and the other one was normal, rvhile 
in a pair of true identical twins (not in this series) both had the same 
scries of clefts, but reversed. 

Two sisters with Group II clefts had palates apparently from the 
i=ame mold. 
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A f.Ulic’i. 40 years of age, had a Group II cleft which had never been 
lep.iiiccl, aiul wlieii his claugliter was seen it was quite startling to 
find tliat they had identical clefts. 

In 26 of the cases tiiere were associated deformities and other con- 
ditions (tabic 2). The S with hernia are not of great significance. 
Txaininc'ition for thymus Avas not made as a routine; in fact, it was 
made ejuite infrequently after negative roentgenograms had been 
obtained several times. The une.vplained death reported in the mortality 
statistics may well have been caused by the presence of an enlarged 
thymus. Tlie case of multiple clefts of the face and jaw (fig. 4) in my 


Tadce 2. — Cases teit/i Associated Defonnitirs and Other Conditions 


Case 

PiiUent 

Group 

1 

V. C. 

III B., with no 
mesial segments 
in the process 

n 

X. S. 

I B. 

o 

B. I,. 

m h.C. 


P. C. 

Ill B. 


T. G. 

ir-i/.i 

c 

K.D. 

III L.C. 

7 

J. 11. 

nr L.c. 

S 

.1. T. 

Ill K.C. 

{) 

D. G. 

nr R.c. 

10 

D. P. 

in h.c. 

n 

E. H. 

nr B. 

12 

B. K. 

II 

1.0 

J. W. 

III H.c. 

u 

K. C. 

nr L.c. 

15 

B. S. 

II-1/3 

10 

17 

H. D. 

nr B. 

G. K. 

Ill B. 

IS 

E. J. 

I li. 

in 

W. S. 

in K.C. 

20 

B. J. 

Ill B.C. 

21 

L. 0. 

n-2/3 

22 

H. B. 

in B., with 
normal palate 

20 

M. B. 

1 E. 

24 

B. X. 

Ill B. 

25 

0. K. 

ir-2/3 soft 

20 

L. W. 

III K.C. 


Associnted Deformity and Conditions 
Umbilicnl hernia 


Lnrgc birth mart on left hand 
Bight inguinal hernia 
Mongolinn 

JIcntally defective: Iiydrocephalie (Spears) 
Siibnormnl vitli big head 
Left hydroceie 

Congenital deformity of right hand 
Cleft (It each angle of mouth; coloboma ot 
eyelid; dermoid of eyeball; snbnornuil 
Subnormnl 
Subaormnl 
JIODgolinn 

Indirect inguinal hernia 

Bight inguinnl bemin 

Umbilicnl hernin 

Extra thumb on right hand 

EQUinovnlgus; absence of left thumb 

Enlarged thymus 

Bight ingtiinal hernin 

Mentally subnormal 

Enlarged thymus 

Penile hypospadias; brother with spina 
bifida 

Eczema and enlarged thymus 
Undcscended testicle 
Umbilical and right inguinnl hernm 
Umbilical hernia 


series is one which, along with the reports of others collected from the 
literature, indicates the many possibilities of failure in embryonal growt i 
and supports the statement that harelip and cleft palate are only a par 
of a croup of congenital deformities in this area. 

The pLe of L problem of congenital clefts of the face and 

which has a moral tinge is the question of operation ^ ^ 
defective. There were 2 mongohans m my senes. The mon 
is usually active and vigorous physically, and it j 

the clefts of such a child. The more severe cases of menta 
pLnt a great proMa.. There were 3 
mental defect, but in each instance I was greatl) influence } 

TL sorrowing parents, and the clefts »«= re,»ned. 

Other deformities and conditions are reported as a matt 
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The 34 cases with familial incidence and the 26 cases with associated 
deformities and conditions total 60, or 17.1 per cent of the total numbei 
of cases. 

I have no particular comment to make. The survey of this part 
of the subject is ofifered in tbe hope that the reader may find some points 
of interest bearing on this phase of the problem of harelip and cleft 
palate. 

II. COMBINATION AND DEGREE OF THE CLEFTS ; AGE FOR AND 
SEQUENCE OF OPERATION 

This part of the survey deals with the case as a whole, the data 
bearing on this phase of the subject being recorded on the reverse side 
of the chart (fig. 2). Tbe diagrams on the chart are illustrated in the 
text by typical cases. The groups are studied separately. 



Fig. 4. — A child with multiple clefts of the face and jaw. The cleft in the 
body of the lip is due to failure of the right maxillary division to unite with the 
frontonasal division. The clefts at the right and left angles of the mouth are 
due to the failure of the right and left mandibular divisions to unite with the right 
and left ma.xiilary divisions, so that three breaks appear in the encircling muscu- 
lature of the mouth. The muscle elements of the right maxillary division are out 
of contact on both sides and appear as a rounded, humped-up ball of contractile 
tissue. The several clefts were repaired on the same principle of muscle repair, 
which apparently fits the cleft at the angles as well as that in the body of the lip. 

7. Prcahrolor Process Cleft (fig. 5). — In this group, the 
alveolar process and tbe hard and soft palates are normal. The defect 
IS that of a cleft in front of a normal alveolar process. The statistics 
on tliis combination arc as follows ; 



Cases 

F. 

^t. 

Right cleft (fig. 5 A) 

n 

9 

9 

Left cleft (fig. 5 /n 

26 

10 

16 

nilatcral cleft (fig. 5 Cl 

1 

1 

0 

Total 


20 

18 
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Tl)e do.n-ce of the cleft rn.'u- vary from simple notches at the vermilion 
midci ,UK Ime.s on the skrti. etc., to more severe clefts, but in none of 
lliL c,i.se.s ha.s the door of the nostril been involved. These are the 
incomplete harelips. 1 have yet to see a complete harelip without a cleft 
of the alveolar jjroce.s.s. In all of the cases there was some muscle coii- 
tnet in the lip,^ although this feature may be slight. The nostrils are 
usnalh- well alined, yet it is possible to have a case in which the ala 
is pulled aside. 

I he age for operation in group I is within tlie judgment of the 
opciatoi and depends on the circumstance of convenience, health of 
the child, etc. I here is no hurrv from the surgical standpoint because 
the tissues of the hp de\-clop along with the body (fig, 9). The babies 
nurse normally, and the operation in many cases is jjostponed until they 



Fig. 5. — Group I, prealveolar cleft: A, right; F, left; C, bilateral. 


are weaned. It is just as wise to perform the operation early and tlien 
put the child back on the breast. It is a fair statement to say that the 
operation may be performed any time after feeding is established and 
the baby is gaining weight. 

Group II. Postalveolar Process Cleft (fig. 6). In this gioup the 
lip and the alveolar process are normally united. The hard and the so t 
palate are cleft in varying degrees. There is one definite, constaii 
similarit}^ ; the clefts are always symmetrical. Tliey differ m the anterior 
posterior extent and in the width measured at the junction of the iiaro 
and the soft palate. There is equal tissue on either side, excqi in 
an occasional case in which I have noted an appaient dispar > 
soft palate. It is apparent and not real, because in the deniidatioi . 
suture it is possible to make an even approximation 

It is not easy to illustrate the various degrees of clefts, s 
graph of an 8 old boy with a II-2/3 co.nb,na.,on .s sI.o.vn, 
mented by a copy of the diagram from the cbait (fig- 0). 
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The statistics in this group are as follows, it being understood, of 
course, that whenever the hard palate is involved, the soft palate is 
completely cleft; 

Degree ot Cleft Cases F. M. 

(■3/3 11 7 4 

Hard palate i 2/3 22 17 S 

1 1/3 6 5 12 

Soft palate onlj' 6 4 2 

Total 56 33 23 

In Group 11 the question of the use of direct force to assist in closing 
the cleft has never been raised elsewhere nor used in any case in this 
series, Ijecause it is my observation that no matter what the degree of 
the cleft may be, the occlusion of the upper and lower jaw is normal. 
Any surgical attempt to narrow the cleft is impossible. In all but 6 



Fig. 6. — Group II, irostalveolar cleft. Illustration of this type of the defect is 
limited to A, as it is difficult to photograph the various degrees which are indi- 
cated on the diagram. 

cases the presence of a cleft hard palate has evolved a situation which 
raises the question of the sequence of repair of the hard and of the 
soft palate. 

The II-3/3 Palate; The repair of a II-3/3 palate is one of the 
greatest problems in this field. Fortunately, in my series there were 
only 11 cases with a defect of this degree. The septum and vomer 
are exposed their whole length. The condition looks like a double cleft 
palate, hut it is simply a medial cleft which has extended to the anterior 
palatine foramen, as far as the cleft may go without involving the 
alveolar process, in which case it would be recorded under Group III. 

Operation on such a combination has never been attempted in this 
series before the child is 2 years old. In several cases the operation 
has been postponed until the child is 3 or 4 years of age. The tissues 
grow with the body, and during this period there is some normal adjust- 
ment and develoinnent of resistance to handling. 
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At (Ins point It seems fitting to discuss the problem of the sequence 
of operadoii on ll,c liarti ami soft palates witli the innlerstandinl that 
he . laltTOcnls apply not only to the II-3/3 palate bnt to the other com- 
nn.itions as n-cll, that is, the palates in Groups II and III. 

he sequence of 0[)eratioa on the hard and soft palates mav be 
solved by several plans. 

1. -An attempt may he made to suture both the hard and the soft 
palate at one sitting. 

2. 1 he hard palate may be sutured, and the soft palate left for 
later rcjmir. 

3. J he soft palate may be sutured, and the hard palate left for later 
repair. 

4. The soft palate may be sewn and the hard palate raised and 
packed for several days, when the packing is removed and a delayed 
suture of the mucoperiosteal flaps is made. 

Plan 1 has not yielded a primary result in the cases of the II-3/3 
palate. In 1 case the right mucoperiosteal flap sloughed out, and although 
this healed so that the closest inspection was required to see the loss, 
this plan appears to me to exceed the possibilities of the tissues and 
should be put aside in favor of other steps of sequence. 

Plan 2 is satisfactory because the hard palate will always heal, even 
in the presence of infection. If infection should occur, the fact that 
the soft palate is unrepaired affords wide avenues of drainage. This 
plan has not been used for postalveolar process clefts, although it has 
become popular with me in the repair of the palate in the Group HI 
case, for it appears to offer the best chance of solving that problem. 

In plan 3 the soft palate is sutured, and the hard palate is left for 
later repair. The effect of such a procedure is the same as that obtained 
with plan 1 when the suture line of the hard palate fails to hold. In 
the repair of the soft palate it is alwaj^s necessary to mobilize the hard 
palate, the handling of which results in an inflammation which is residual 
over long periods, and unless the secondary suture is undertaken within 
ten days or two weeks, it seems wise to postpone it for six month.? or 
more. The high percentage of success in secondary repair of the hard 
palate may support this plan, but it has purposely not been followed w 
any case in this group. 

Plan 4 has been done several times, and the ratio of success to 
failure of 2 : 1 (see part III) is illustrated by my experience in 3 patients 
who were under my care at the same time. In 2 cases there was 
apparently a perfect result, while in the other the child had a 
perature and was prostrated, so that any immediate secon ary ^ ‘ 
was precluded and the procedure resolved itself into p an 3. n 
tion to this plan is that a second anesthetic given within a period o 
from seven to ten days following a rather elabomte procedere earn . 
a risk which must be carefully considered m the tndnidii 
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As previously stated, the Group 11-3/3 combination presents one of 
the greatest problems in this field of surgery, and whenever a primary 
result is attained I consider it a great victory. 

In my experience the best chance of success is with plan 4. 

The II-2/3 Palate : This defect is shown in figure 6, and it occurred 
22 times in my series. 

In this type of defect there is a good chance of obtaining a primary 
result with the straight Langenbeck-Warren operation of median suture, 
viz., plan 1. There is an occasional case which apparently merges into 
the combination just described, and plan 4 bas been tried. 

The 2-1/3 Palate: For this combination, of course, there is only 
one method of repair, plan 1, because it is seldom that more than two 
stitches, usually superficial, are required in the hard palate. But I have 
found that these may fail as well as a whole suture line. 

The earliest age at which operation was performed in the series was 
6 months, but the baby was large and strong, and the result was perfect. 
I still feel, however, that at such an age the risk is too great, and the 
operation should be postponed to the second year or later. 

Soft Palate Only : There were only 6 cases in which the soft palate 
alone was involved. It is interesting to me to find that of the 7 cases 
of operative failure in cleft of the soft palate, there were 1 secondary 
and 2 primary failures in this simple form (part III). 

An interesting condition appears in the soft palate which is not evi- 
dent until the child begins to talk. A transparent median line is not 
found until the child develops a nasal tone in speech. The mucous 
membrane has healed, but the muscles are apart. I believe that a child 
with this defect is entitled to a formal repair in order to effect contact 
of the muscle bodies. 

In Group II there were 56 cases in which operation was performed. 
This number in no way represents the real relative incidence because these 
patients are under observation and preparation for operation over long 
periods. The average age at which operation was performed varied 
from 14 months to 2 years. 

Group III. Alveolar Process Cleft (figs. 7 and 8). — The value of 
the classification and plan of record is most evident in this group. In 
Groups I and II the combination and degree of the clefts run rather 
closely to form because the alveolar process is closed. When the process 
is cleft, as in Group III. there are so many possible combinations and 
degrees of failure in embryonal growth that the usual terms of descrip- 
tion appear most inadequate. 

Tlie chart allows the description of each cleft separately, viz., the 
lip. alveolar process, hard palate and soft palate. Several combinations 
may he Urns accurately described— case.s which it is not possible to record 
clearly in any other wav. 
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{(Vf. 7) in tin's group is as follows 


Deled 

HI L. C 

Cases 

1 in 

F. 

M. 

77 

38 

34 

Ill R. C 


33 

III. B 

c;i 

17 



17 

Total 

71/^ 


— 

210 of 350 = 01,7 per cent. 


u7 

149 



Fig. 8. — Group III, alveolar cleft with normal palate; A, right complete, B, 
left complete; C, bilateral. 


The incidence of 61.7 per cent is the largest of any combination of 
the clefts. All of the clefts are present. The cases vary greatly ni 
degree, not because of the lip or palate cleft, but on account o t ic 
process cleft. The literature revolves about this group.- 

The statistics on these combinations with a normal paiafe fo ou 

. p- M. 

Defect 1 17 

III L. ff 'y 4 

III _ — - 

T«.al « “ 

42 of 350 = 12 per cent. 

258 of 350 = 73.7 per cent. 
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The incidence in the subdivision of Group III appears between that 
of Group I and Group II. The statistics of 12 per cent is close to 
similar reports of the literature. 

About three fourths of all cases are recorded in the third group. 
The operator’s problems in repair of the lip and of the hard and the 
soft palate in this group are generally the same as in Groups I and II. 
But a problem appears which has so deeply impressed me that I believe 
it should be identified as the most important in the whole field of sur- 
gery — the cleft in the alveolar process. What shall be done for it and 
when? Various avenues of study indicate, if they do not prove, that 
the cleft in the process is a separate cleft from the others and is par- 
ticularly important because it involves the most resistant of the tissues 
of the body — ^bone. The time of operation is therefore more important 
than with other clefts which invade soft tissue only. Soft tissue may 
be mobilized at any time of life, but with the bone cleft there is only 
one time when this cleft ma}' be closed, and that is as early as is com- 
patible with the condition of the child, while the bones are soft and 
pliable. If the. baby is allowed to grow to the age of 3 months and 
beyond, the bones become set and fixed, and it is increasingly difficult 
to effect contact of the margins of the cleft. The various plans of 
repair used in this series, the results and the discussion of the relative 
value of direct force and indirect force will be found in part III. 

Whatever the plan used, I repeat that the ease of accomplishment 
and the effect depend entirely on the softness of the bones and the width 
of the cleft. The cleft of the alveolar process is the first one to be 
considered. 

The cleft of the lip is second in importance to that of the alveolar 
process in the consideration of the age for operation and the sequence 
of the steps in this group. In Group III the lip has been repaired as 
early as possible, not only because of the appearance and function of 
the lip itself, but particularly because of its effect in closing the cleft 
of the alveolar process underneath. Although the forms may be the 
same as in Group I, the lip in Group III is associated with a bone cleft 
of the alveolar process. Most lips are repaired before the child is 3 
months of age. 

The clefts of the hard and soft palates have never been repaired 
before the fourteenth month, as stated in the section on Group II. At 
this time the child is observed and operated on if the cleft at the junction 
of the hard and soft palate measures no more than 10 mm. Often 
the operation is postponed until the seventeenth month, and more recently 
until the child is 2 or more years of age. 

Observation of the results of repair of the hard and soft palates has 
brought up another question, viz., the selection of the time of operation. 
The latitude (45 degrees) in which St. Paul is located exhibits wide 
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i.uigcs of wcatlicr whicli influence ihc patient’s reaction to these changes, 
biiicc tlic cinici must be hospitalized and often comes from long dis- 
tances, this phase of the subject sliould be carefully considered. In 
repair of the clefts of the alveolar process and of the lips the question 
of selection of the time for operation is minimized because the cleft of 
tlic alveolar ])roce.ss should be molded and the lip repaired earl 3 ^ The 
question, however, is most important in repair of the hard and the soft 
palate as infections may lead to failure. These operations are often 
postponed in the expectation of equable weather. 

The subdivision of Group III (Bg. S) that is most interesting to me 
is the combination of a cleft of the lip and of the alveolar process but 
normal hard and soft palates. These cases support the statement tliat 
the alveolar process cleft is not a part of the palate, but is formed in 
relation to the lip. 

This combination occurred in 42 cases. Figure 8 A shows this con- 
dition excellently. In figure S B it is not so evident. In figure 8 C is 
illustrated a problem which is almost as great as that presented by the 
11-3/3 jralate. In this case the large j^remaxilla apparently has no place 
between the two lateral divisions which appear close together. 

The law of early repair of the alveolar process also holds in this 
combination. The premaxilla must be pushed down as early as possible. 
The question of the use of direct force through wires has never been 
raised in this combination. There is a tendency to delay replacement of 
the premaxilla because the palate is normal, and apparently there is 
nothing to repair but the lip. Yet in this combination tliere are more 
unsatisfactory nostrils than in any other, owing to the fact that an 
attempt to close the alveolar process cleft is postponed until the lip is 
repaired. 

The photographs of the six cases in Group III (figs. / and 8) merely 
repi'esent typical cases. Added to these are many of different degrees. 

An exact record of the original condition is necessary to appraise the 
results of late repair properly and to evaluate the surgical piinciples of 
repair. The classification and plan of record appear to meet the 
requirements. 

By reason of the great variety of combinations and degrees, ru es 
of procedure can be onl}^ generalized as follows : 

1. Repair of the alveolar process cleft should be done first as car} 
as is compatible with the condition of the child. 

2. Repair of the lip is left to the judgment of the operator 
age for operation depends on the degree of tlie cleft o t ie a \ 

. palate in Groups II and HI should 

later, with particular attention to thc 


be postponed to the second year or 
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season selected for operation. The sequence of operation in the wide 
clefts should be considered. I have a preference for suture of the 
palate first and later repair of the soft palate. 

III. OPERATIVE RESULTS AND TECHNIC USED 

The 350 children were subjected to 567 operations; that is, some 
procedure or combination of procedures was performed which required 
an anesthetic. The disparity between the total number of cases (350) 
and of operations (567) is explained in part by the fact that during 
a long period of trial and error, different sequences of steps were used ; 
the hard palate was repaired and the soft palate left, or the steps were 
reversed; or the alveolar process was wired and the lip repaired at a 
second sitting, etc. 

The mortality has been 1.4 per cent of the total number of patients 
(350) — less than 1 per cent of operations (567). Two patients died of 
pneumonia: One, a child in whom the whole palate was repaired, died 
on the twenty-first day, although the stitches held ; the other child died 
on the sixth day following repair of the lip. One patient, 6 weeks old, 
died of erysipelas, which developed in an abrasion of the left cheek, and 
although the stitches held in a bilateral cleft of the lip, death occurred on 
the tenth day. A patient subjected to repair of a unilateral cleft died the 
afternoon of the operation from suffocation due to inspired vomitus, as 
proved by autopsy. The fifth patient died on the operating table from 
an undetermined cause other than shock. 

When one considers that the babies and children in this series were 
operated on at several different hospitals, with a changing group of 
anesthetists, and that as a class the patients are delicate, the record 
appears favorable. It is due in part to tbe fact that no operation was 
undertaken without the permission of a pediatrician, and again to the 
rule that when bleeding occurs during one stage of the operation, it 
shall be completely controlled before another stage is undertaken. So 
often postoperative concern is due not to the length of operative time 
or to the quantity of anesthetic, but to the loss of blood. 

In the study of operative results' the plan of the classification has 
been followed wberein the whole palate is resolved into its component 
clefts. The lip, alveolar process and hard and soft palates have been 
studied separately to determine, if possible, wherein lies the greatest 
chance of failure or of success. Most of the children have received my 
personal attention, except those at University Hospital, where I have 
had the assistance of my associates. Dr. Carl Waldron, Dr. W. T. 
Peyton, Dr. Logan Leven and others who from time to time have been 
interested. But since in all cases I have assumed some measure of 
responsibility, it seems fair to include them. 
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Cleft L,fy,—M first I intended to separate the incomplete and com- 
plete forms of cleft lij), but so many of the so-called incomplete forms, 
n-hether in Ciroup J or III, were found to be complete as regards muscle 
contact and to present the same problems of repair that they are 
di.sctissed together here irrespective of the degree of the cleft. In the 
repair of this defect I have used my interpretation of the Mirault opera- 
tion, the Rose operation, the Nelaton flaps, the modified Hagedorn and 
J hompson calipers, etc., but the large majority of clefts have been 
repaired on a princijile suggested some years ago and called “a muscle 
theory repair of the lip.” The theory was based on the observation 
that the general scheme of formation of all lips was the same in all 
[)ersons, but with infinite varietj^ of detail in the disposition, control 



Fig. 9. — Photograph illustrating the muscle theory repair of the lip. Tlic same 
picture maj' be obtained in the infant by electrical stimulation, not only he ore 
operation, but after suture. 


and development of the tissues. The theory is simply illustrated in 
figure 9, the photograph of a boy of 8 years who grew to this age 
with his lip out of contact. It is to be observed that the active tissues 
of the lip develop along with the body, and that physiolop'c action 
under the control of the person at all times and under all circuni-stanc 
(fig. 9 A). The most direct plan for repair appears to be to suture 
lip on lines of denudation determined by the active elements o 
i,",he hope tha, if .he parts are tmi.ed a. the peak o 
action such effort will yield the best chance of ten- 

normal for that child. In the infant, when « 'l' .f 

before operation, the same picture as illustrated in gi 
On every possible occasion I have ^jetennin^ 

presented no new operation, hut was simp \ ai ^ „hvsiolo'n'c rcf)uire- 
Ln principle of repair which would fit anatomic and pin s.olo„ 
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ments, no matter what the combination and degree of the cleft in the 
lip might be. The anatomic basis has been challenged because it may 
be safely said that no two lips are exactly alike. I have tried to dissect 
the orbicularis oris in the infant cadaver, and it cannot be done. What- 
ever may he the anatomic picture in a given case, there is always present 
the physiologic action which produces the pucker of the lips. The 
symmetrical pucker depends on the normal direction of the muscle bun- 
dles and, if tbe effort is made to maintain these relations without 
distortion, the infant presumably has a better chance to develop its 
proper facial expression. The theory appears to have a logical con- 
clusion, but, of course, can be supported only by clinical evidence. 

The statistics on the lip are as follows : 


No. of cases on which operation 
was done 


Left 

Right 

Bilateral 



296, or 84.5% of total 


(350) 


No. of failures 


'Complete 3] 

Partial 4^ 

Flat and flaring nostril 
[Narrow nostril 
Kinky nostril 
Vermilion border notch 


/ 

28 

4 

4 


47, or 15.9% of 296 cases 


In 47 cases, or 17 per cent, I made a note to show that I was dis- 
satisfied with the result. I feel sure that this percentage would be 
largely increased by the legitimate criticism of colleagues, and volun- 
tarily increased in the late appraisal of the cases. 

There was complete failure in 3 cases ; A bilateral cleft lip sepa- 
rated with loss of tissues in the prolabium — a horrible deformity, one 
of the great tragedies in this field. One unilateral cleft lip separated 
its rvhole length after repair without apparent infection. This is the 
only case in which a secondary repair was immediately attempted with 
a second failure of union. Figure 10 shows the result of a delayed 
third effort. This case supports my general idea that should failure 
occur, follow-up repair should be postponed until inflammatory reac- 
tions liave subsided. One side of a Inlateral cleft failed to hold, and 
follow-up closure was done (fig. 11). I do not find such experiences 
illustrated in the literature, and I thought that it might be interesting 
to show the usual picture. In the bilateral case the principal point of 
criticism is that the muscle elements are probably out of contact. If 
this i.s so, the li]i will not grow along with the body and the chances 
arc that a flat, immobile lip will result. 

i\Iy charts contain notes on partial failures, the most frequent of 
which is tlic resulting flat and flaring nostril. The deformity of the 
nn.se is so a]iparcnt that I find my.sclf often evaluating the result of 




Fig. 11. — The original condition in this case is used to illustrate a Group 
bilateral alveolar process cleft (fig. 7 C). Both sides of the double cleft were 
repaired at one sitting. The right suture line failed to hold (A) and was repaired 
in six months (B) . The condition when the boy returned for repair of the palate 


is shown in C. 



cleft lip. 
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repair (if n cleft li]i I'V tlie condititm (if the im^trils. K( i><i>-iti(in of the 
ala in tlie unilateral cleft tn cinnpare favuiahly with the iKirni.'il h.as 
been the hctc iioir all thmuf^h this wurh. ’1 he cause nf this fre<|Uent 
jiostoiicrative defonnity is stiijLjested hy the fulldwinj; study, hifpire 
12. which illustrates the situation, shows a rii^ht and left unilateral cleft 
determined hy measurement with c.alipers and hy electric.al stinmlatioii. 
'I'he measurement indicates that the that nostril is due to the fact that the 
floor of the reconstructed nostril is twice as wide as the normal, as 
shown hy the dots. .Stimulation reve.als that there is ;i Y-shaped piece 
of tissue in hetween the upper hundles of the active tissue which are 
out of contact at this ])oint. 'I'he body of the lip. the line of the vermilion 
border, the ever.don of the mucous memhraue and the mobility of the 
whole structure have been obtained not as :i result of any iiersonal 



Fig. 13 . — A is a tracing made from tlic di.agram in the work on embryology 
by Fischcl of Vienna. 13 shows the attempt to follow the marking of the tracing 
in a clinical case. P N P indicates frontonasal process ; I. tV P, lateral nasal 
process; M P, maxillary process. 

opinion of mine as to how the repair .should be made, but simply on 
lines of denudation determined by the active elements. Thus the main 
lead to proper repair of the body is offered by the arrangement of 
tissues peculiar to the case itself. However, the nostril may or may 
not be in proper form, and if it is not a striking deformity results. 
An explanation of the double nostril must be found. Fischel of Vienna, 
in his text on embryology, states clearly that the complete cleft of the 
lip is a combination of two embryonal clefts (fig. 13 H). The cleft 
in the body of the lip involves the active elements. Its presence is due 
to a failure of contact of the lateral maxillary process and the infranasal 
process of the median embryonal division. An extension of the cleft 
beyond the structure of the lip does not extend into the nose but runs 
outside of the ala through the cheek and may reach the eye to form 
a coloboma. The case of multiple clefts of the face (fig. 7) indicates 
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Jlic chreclion and possible extent of this deft. The cleft in the floor 
of the nostril is a diflerent cleft formed entirely in the median embryonal 
division Its presence is due to a failure of the lateral nasal process 
to establish contact witii tlie globular process. In order to follow clinically 
the cnibr\-onal diagram (fig, 13 A), markings were made on an incom- 
jfletc harehj) (fig. 13 B) to indicate that the tissue in the angle between 
the two clefts is jirohahiy an extension of the lateral nasal process. I 
have cut this reflex tissue away from the columella (fig. 14), denuded 
it and sewed it back on the maxillary tissues. The result was a perfect 
picture of a complete harelip. W hen the maxillary process was denuded, 
the muscle elements, as shown bv the stimulation with the battery, were 
superficial and reached squarely to the margin of the cleft. When the 
band was sutured, the muscle ends were deeply placed. It appears to 
me that in both unilateral and bilateral harelips there is a reflection of the 



Fig. 14. — The experimental operation described in the text undertaken to deter- 
mine the embryonal origin of the reflection of the incomplete cleft lip and the 
position of the reflection in the complete cleft lip. 


lateral nasal process onto the body of the lip. This growth is epithelial 
tissue only and covers the upper bundles of the active tissue of tlic 
maxillary division. The explanation of the flat and flaring nostril can 
now be fairly made; this tissue has been brought into the body of the 
lip, whereas in the complete cleft lip it should be lifted in order to denude 
the upper bundles of muscle for exact suture to the bundles of the other 

side of the cleft. ^ 

In figure 15 .<4, the diagrammatic denudations for the bod) o t it 
lip are correct, but at the nostril the tissue in the grasp of the mattres^ 
stitch, without particular attention to its position, may he broiig it u' 
the body of the lip instead of being turned into the nostril, as in i.-,! 

15 J5 and C. _ , 

The steps of the operation for unilateral cleft hp as per orm 

follow'S : 

The muscles are stimulated by the battery, and the lowest and 
motion are marked by ink dots. On the medial side of the 


of motion are marked by ink dots, 
only are required, one at the vermilion border and one at t le lase 



hitch in-coyr.n\rr.iL ii.iuns or r.ur. .i.v/» Liii'-v (.,^7 

Ml tlint (Icmuliition for oxixtsiirc of llic iiniM-lc iKninit'. i-- in n Mr.-nclit Imr. 

On the Intoral side of tlie cleft, tlie innsclr clrimins are a)ii>aretnly Iniiitlu d. 1 Itrre 
jHiiiUs are dctcriuincd: one at tlie Uase of the ala, one on the veiinilioti border .nid 
a varialde iioint on the margin of the cleft. The denudation of the -hort Mile i«. 
always stnupered. The distance helween the ink iiiarlc at the leor of the ala and 
the iioint on the inarpin of the cleft is tneasured hy the ealiiier. one ii'n'd of 
which is td.aeed in the ujiiier ink dot on the medial side and the other jxdnt is 
swung into the nostril .along the eiiitheli.al reflection at the hao- of the eohnnella. 

The denudation of the medial side ix made hy e<intucting the nitjier .anil lower 
ink dots on the body of the liii by an incision at the margin of the skin and the 
careful dissection and removal of the mucous membrane. The skin and inncons 
membrane arc undercut in order to make the body of the liji a separate entity. 
The ink dot in the nostril and the npiier ink dot on the li]* arc eonnected by an 
incision. The epithelial reflection in the nostril is thus raised in the form of a 
flap to become the inner half of the floor to the nostril. On the lateral side of the 
cleft, the ink dot at the base of the ala is connected by an incision through the 
skin only, with the ink dot on the margin of the cleft. This is dissected to make a 
flap, which becomes the outer half of the floor of the nostril. The raising of this 



Fig, 15. — A, a copy of the original drawing demonstrating the repair according 
to the muscle theory. B and C illu.stratc the incision for the flap and the points 
of suture. It is difiicult to draw this important step of lifting the flap from the 
muscles. The incision 1-2 connects the ink mark at the base of the ala and the 
ink mark on the cleft margin. The flap mised is triangular in shape with the point 
of the triangle at 1. This step permits exact suture of the muscles at 2 and 2'. 
The tip of the flap at 1 is sutured to the epithelial flap in the nostril at 1'. 

flap bares the upper bundles of muscle elements on the short side. The ink mark 
on the margin of the cleft is connected with that on the vermilion border, and the 
mucous membrane is dissected as on the medial side. On the body of the lip the 
effort is made to obtain the picture shown in figure IS A; on the nostril, 
the picture shown in figure 15 5. The stitches used are the same as shown later in 
figure 30, but they are placed on the mucous membrane side, except at the vermilion 
border, where it is important to make more exact approximation of the muscle 
elements on account of the vermilion border of the lip and the eversion of the 
mucous membrane. In this lower stitch, the simple end-on stitch is used. I have 
always had the idea that the top stitch of the muscle 2-2' (fig. 15 B and C) would 
determine the rotation and position of the ala. This idea I have found correct. The 
difficulty has been to find a way to make the approximation exact. 

Since these steps are more fully developed, there has been a definite 
improvement in the results with some excellent replacements, of which 
figures 16 and 17 are examples. 
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Fig, 16. A, Group III unilateral cleft, right complete, showing the original 
condition when the mouth is stretched. B, the repaired lip at rest. 



Fig. 17. — A, Group III unilateral cleft, left complete, with the original condi' 
tion at rest. B, the repaired lip when stretched. 



Fig. 18.— A case of double cleft Up shown to support the statement 
that the failure of the columella to grow and the nose to project is 
wide separation of the ala. 




RiTciiin-coxaiixiT.n. ci.hfis or r.icr. .ixi> J.iirs 

111 tlic cases of till' I<iiil<y iio'-ltil many tliiii.us have heeii tried, hiil 
tile rotation of the ala aiijiears to correct this detorinity a*- well a*' aiu 
method. 

BiltUcnil Cleft Lip . — In donhle hareli]). the nostrils may he made 
to look alike; at least there is .seldom the .eross deformity evident in 
the comparison of a poorly constructed and a normal nostril. 

The troiihle in this form of lip is in the tip of the nose and the 
growth of the cohiniella. Figure IS is .shown as a jirohahle explanation 
of this condition. The alae are twice as far apart as normal, and the 
effect is as though a ruhher hand had been drawn taut over the ti]) of 
the nose so that this part could grow only hy separation of the carti- 
lages. The failure of the nose to jiroject properly has led to many 
suggestions for repair, the most interesting of which hrings up a legiti- 
mate question as to whether the prolahium of the lij) belongs to the 



Fig. 19. — A, the comhination of cleft tip in which one side is complete and the 
other incomplete. The follow-up picture (B) shows that the prolabiuin will develop 
if properly placed. Note the double nostril on tbc left side. 

columella, to be used to add to its length, or whether it belongs to the 
body of the lip. 

From the embryology it appears that the infranasal process of the 
median division extends downward to be incorporated into the vermilion 
border of the lip and joins the maxillary divisions on either side. Clin- 
ically, this fact is supported from several angles, but particularly in 
the case (fig. 19) in which there is a complete cleft on one side and 
an incomplete cleft on the other, with the prolabium presenting in various 
states of development. The temptation to do something to supplement 
the tissues of the prolahium is great, hut to do so would bring tissue 
away from the normal area— if the statement that this structure is 
a part of the lip is correct. 

The case shown in figure 19 was selected for two reasons : First the 
suture lines are more evident than is to be desired, but the picture shows 
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plainly tlic ])lan of rcjwir with nornjaJ growth of the prolabiuni if mven 
a chaiice, aiul second, tlie double widtli nostril is present. The latter 
condition may not he a gross deformity, hut in this case tlie riglit nostril 
lias not been ])roi)erly reconstructed. 

In complete double harelip there is now sufficient evidence to state 
that there is no muscle in the prolabium. Stimulation with the battery 
fails to obtain action, and Mullen, in a more recent paper on tlie com- 
paiati\e anatonn' of this area, brings definite support to this statement. 
1 lie muscle elements formed in the maxillaiy divisions migrate to inter- 
digitate between the skin and the mucous membrane of the prolabiiiin 
to form a normal lip. 

1 bus, in all cases except a trial case here and there, the effort has 
been to bring the prolabium into the body of the lip and to make as 
direct contact as possible of the muscle elements of the lateral divisions. 

Double harelip has been repaired in three ways. 



Fig. 20. — .-t. the result of a modified Hagedorn operation. B, the result follow- 
ing an attempt to bring into contact the musculature of the right and left maxillary 
divisions between the skin and the mucous membrane of the prolabiuni. 


Figure 20 Pf shows what is interpreted to be a modified Hagedorn 
operation, differing only in degree from Hagedorn s original illustra- 
tions. The mucous membrane of the prolabium has been sacrificed, 
and the maxillary divisions are brought in direct contact below it. Clin 
ically, these tissues may grow well but there is a risk of a tigiit lip at 
the vermilion border and a bunching effect of the prolaliium because 
has little chance to grow downward. 

Figure 20 B shows a case in which rcjiair was clone by demu ing 
the maxillary process along lines determined by the batter). I '^,1* . 

of the prolabium were denuded between points measured by the ca ip ^ 
to equal the sides, the prolabium was tunneled and tlicn clfor n- 
to directly appose the muscle elements through the tunned. ^ 

Figure 21 shows the plan by which one side is repaired .at 
and the other side is repaired after a six weeks’ or 
For a long time I deprecated the last method because 
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pvcmaxilla of the alvedlav ])n)cess. (Ireat pains liave licen taken to 
replace this stnictnre. and wlieii the lip is repaired it is immediately 
displaced, l^nt on the second repair, the premaxdlla evidently .asMimes 
its former position. 'I'he photograph of this jiatient shows clearly the 
effect of the lip on 4he alveolar process cleft. '1 he ]dan of two o)ierations 
has recently hccome more popular with me. '1 he attenijit to s^w both 
clefts and replace the ala approaches at times a formidahle proceihire. 
and it is a great relief to repair one side at a time. It has heen foinul 
possible to bring the active elements of the sides to the middle of the 
prolahium; when this is done the second time it brings these elements 
almost if not exactly in positive contact. .At any rate, the end-resnlts 
Yield motion in the prolahinm when stimulated by the battery. 

* However, the rejiair illustrated in figure 20 B is more direct and 
follows the muscle theory more closely, if it can he technically accom- 
plished. In all ca.ses the flaps have been turned into the nostril. 

The solution of the problem of rejiair of a cleft lip is so imjiortant 
for the future comfort and social hajipine.ss of the child and it is there- 
fore such an enormous re.sponsihility for the surgeon that these sugges- 
tions and reports must he carefully considered before attempts are made 
to follow the principle. 

The arguments for symmetrical contact of the muscle elements ajtjicar 
so logical and so well supported clinically that whatever the technic may 
be, the steps will be analyzed as to their effect on the muscle elements. 

Embryologic and clinical study of the lij) indicates two sej^arate 
principles: muscle repair for the body of the lip; plastic repair of the 
nostril. 

Alveolar Process Cleft . — The statistics on the alveolar process cleft 
are as follows : 


Incidence of cleft ranging from notch to wide clefts 
Wired 


Vomer cut 


front 

back 


258, or 75.7% of 350 
71, or 27.5% of 25S 

11 


Undercorrected^ 

Overcorrected j ^ 

In three fourths of all cases the question of the procedure for the 
closure of this cleft arises. In all cases I have followed the broad 
general principle that the cleft in the process is a bone problem. To 
mobilize bone, force is required, either direct or indirect, or both. The 
relative merits of each have been discussed in the literature with great 
diversity of opinion, which ranges from the advocating of direct force 
through the medium of wires and plates to the view that one should rely 
on the indirect force of the musculature of the face and specifically 
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of the l!]). Ill this series both principles have been used and in several 
cojnbinations, depouling on the ag-e of the infant and the degree of the 


The plans may he noted as follows ; 

1. ^folding of alveolar process by tJiumb pressure; repair ol lip at same sifting. 

ding of alveolar process ; adhesive strap to face.; repair of lip delayed. 
3. Jifolding of alveolar process; insertion of holding wire; repair of lip delayed. 

d. Molding of alveolar process; insertion of holding wire; repair of Up at same 
silting. 


1. Infolding of Alveolar Process by Thumb Pressure; Repair of Lip 
at Same Sitting: To report statistically on the degree of the defect would 
require a description of each case because no two cases are exactly 
alilce, but a broad statement nia)' be made that the defects in a large 
number of unilateral cases run from 6 to 12 mm. The width of the 
unilateral cleft is due to the pivotal displacement of the median frontal 
nasal process, whicli has united with one or the other maxillary division 
which is carried along in the pivot In the bilateral case the measure- 
ments have an enormous range with inequality of the sides due to the 
projectional and rotational displacement of the premaxilla, which is 
out of contact with both maxillary divisions. 

All through the series, whether unilateral or bilateral, a great effort 
was made to follow plan 1 as the simplest and most direct way, accom- 
panied b}^ a minimum amount of traumatism and reaction. For the 
notch, in the 2, 4, 6 and possibly 8 and 10 mm. clefts of the alveolar 
process, there is no debate as to the propriety of this procedure, and 
it is quite the rule that in clefts of these degrees the cleft is closed by 
the time the stitches are remor^ed from the lip. The plan has been tried 
in the wider clefts, 8, 10, 12 and 14 mm., with varying results. If 
the bones are soft and pliable and the degree of the cleft is easily changed 
by pressure with the thumb to 4 mm,, the cleft in the alveolar process 
may close early, hut more often the change is gradual. On the other 
hand, the plan has proved incomplete in the wide clefts or in the clefts 
of the older babies. There are cases in which the alveolar process is 
not closed over a period of four j^ears. 

In the clefts measuring 8 mm. and over, some supplementary step 


seems to be indicated. 

2. Molding of the Alveolar Process; Adhesive Strap to the Face; 
Repair of Lip Delayed ; This plan is as old as the literature on t ic 
subject, but has been lost sight of with the development of more elabo- 
rate procedures. More recently it has again been used as a prciinnn.ir) 
11. to the repair of the lip-a preparation of the .n or*-t 

to minimize the loosening of the cheeks winch in the 
necessary to lessen tension caused by the stitch. 
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'riu-n- is m-vi-v an ap)>an'in vi-actinn to tiu- jntuTdnio ; it can lie used 
early and can be repealed often williottt an am-'llielie. in tlie office 
or at liome. Wlienever it is used, constant attention and oliservatioii 
are necessarv. because one tnav lie stirprised to find that with this 
simple stei> overcorrection or overlapjiinK of the inarj^ins of tbe cleft 
mav occur in some cases. 1 lowever, the teiulency is for tbe bones to 
.spring back into tbe ori.cinal condition. The strajis must be reiieatetlly 
ticjlitened and continually applied up to the time of tbe o]ieration on 
the li]). or tbe purpose will be defeated. 

.•\n increasint; number of infants have been satisfactorily treated in 
this manner — infants who in the past would have been subjected to the 
more formidable o])eralinns to be <le.>-cribed. 
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Fig. 21. — Doulilc cleft lip repaired at two sittings, six weeks or two months 
apart: A, repair of the left cleft; B, repair of the riglit cleft and final result. The 
original of this case is shown in figure 24 A. 

3. Molding of the Alveolar Process ; Insertion of Plolding Wire ; 
Repair of Lip Delayed : As a student of the wonderful literature on 
this subject, I was deeply impressed by the teachings of the late Dr. 
Brophy. Based on experience in thousands of cases, ingenious plans 
were promulgated for the use of direct force applied to the upper jaw 
through the medium of wires and plates. The steps were based on the 
concept of a whole or a complete cleft palate and the theory that the 
width of the cleft was due to the lateral separation of the bones. (This 
is a purely personal interpretation of his principles.) In several cases 
not included in this series, these plans were used in operating, but were 
not used in subsequent cases for several reasons : 

1. Individual technical inability to apply the wires and plates with- 
out seemingly undue traumatism. 
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2. Observation and study which Jed to the belief that the width of 
die clefts was due to the obliquity of the palatine processes in the hard 
palate plus the odd and bizarre positions of the preinaxilla. 

3. Occinicncc of a cleft palate which was always median in the hard 
jialate and lateral in the alveolar process, hut nei^er a straight line com- 
plete cleft palate. 

4. 0\ ei coj rection of the maxillary process and malocclusion with 
the mandible. 

5. 1 he fact that the bone problem lay in the process and not in the 
hard palate. 

In spite of these ideas, I accepted the principle of direct force in 
any form because the process was normally formed in bone and sug- 




Fig. 22 . — Tracings of tiie various plans offered far the application of direct force 
to the upper jaw by the use of holding wires. A shows tlie technic in the repair 
of the right cleft; B, of the left cleft; C, the combined technic applied to the 
bilateral cleft, and £>, circumferential wiring. 


gested the use of tvires inserted along lines developed for the stndj 
of the embryology of this part of the body, illustrated in figures 22 
and 23, i. e., direct force applied to the median division only. 

The survey reveals that wires were applied in 71 of 258 cases./ Fins 
was somewhat of a surprise. It appears that I was more interested 
in establishing the principle than I tvas in its use. 

During a period of trial and error, there were 2 cases in which the 
wires were applied on an 8 mm. cleft, but most of tliem were used on 
the wider clefts, which at the time of the operation, on account of wul i 
or rigidity of the bones, could not be brought down througi 
to a point wdtere a lip could safely he sutured with the e.vpectatioi 
it would close the cleft of the alveolar process. 
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]| lin? in'X’cr lu'tMi |'ns''ili](* to rlo'^c tlu* of llir nl\rol,ii ])iot.(s^ 

ciitiveK- hy Mich t\u-:isuv(’!- ( Cii:. 23. /). To attniiiil to do .m. io(|tiirt's 
undue force wliicli iu;\y uiVcct oilier Mructures tlinu llie |.rcmnNiIla. 
Wlieu the repair of tlie lij) is delayer], the wires should remain in place 
until the lip is sutured. In the unilateral clefts (lilts. 7 . / aiul //) the 
results were variahlo and often not ]»ennanenl. 1 have watcher! the.'^c 
hahies over a jieriod of from fotir to six weehs and have then remrived 
the wires', in two or three rlays the hones spriuit h;icU into the oiijtiual 
condition just as when jilau 2 is U'-eil. so that uothinit is really accom- 
plished until the lip is repaired. 

In cases of bilateral clefts ( 7(") the maxillary divisions apiiear 
to me to he alwavs in position with normal occlusion with the manrlihle, 
so that the marked rleformily is in the median tlivision with the jirojec- 
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Fig. 23. — ,7, a formal drawing of t!ic plan for wiring the riglit or the left 
unilateral cleft. B, the jilan for circumferential wiring of the jaw for the bilateral 
cleft. The change from the original drawing is that a .short wire is used in front 
in order to get a right and left twist instead of one. The rotation of the pre- 
maxilla is more easily controlled. 


tion and rotation of the prema.xilla. Something must he done to replace 
this structure in contact with the two sides. In this combination plan 3 
has been more satisfactory than in any other case, and apparently is the 
only wray in which the extreme degrees have been successfully treated. 

In some cases the projection is great on account of an apparent 
overgrowth of the septum and vomer, so that it is necessary to section, 
fracture or remove part of this tissue. Incision or excision in front 
(fig. 23 B) has been long discontinued, on account of the possibility 
that growth of the premaxilla may be inhibited. Instead, the base of 
the vomer is attacked ; the wires are placed as in figure 23 B and are 
left until the injury is apparently healed, when they are removed and 
die lip is sutured. The immediate effect of such a procedure is shown 
in figure 24 B. 
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4. Moklmg of the Alveolar Process; Insertion of Holding Wire- 
Ecparr of L.p at Same Sitting: This proeecinre has never been used on 
the bilateral cleft. 1 he repair of the lip is exacting and time-consuming. 

lei] two operations are done at one sitting, the patient may become 
exhausted. Such a consideration as this, here and elsewhere, is another 
1 actor in 103- low mortalit}' rate. In the cases of unilateral cleft there is 
die best chance of success. In fact, in some cases the alveolar process 
is closed so promptly that a question is raised as to the necessity of 
the application of the wire. 

Plan 4 is generall}' recognized. There is a diversit}^ of opinion as 
to the materials used silver wire, silkworm gut or soft material, trocars, 
large or small, straight needles, etc. — and there are different ideas as 
to points of insertion. 



Fig. 24. — Photograph of a successful result in a Croup 111 bilateral cleft in 
which the premaxtiia was subjected to the circumferential wiring by the plan 
shown in figure 23 B. The end-result of the operation on the alveolar process 
and lip in this case is shown in figure 21. 


The theory on which the application of the wire is based in the 
unilateral cleft is that the maxilla in contact is displaced ouhvard sec- 
ondary to the pivot of the premaxilla septum and vomer, and that force 
should be applied to the median division only in order to replace it on 
the maxilla out of contact. The wire in front is inserted at the point 
of union of the premaxilla and the maxillary division and is earned 
far back on the side out of contact. The point of insertion in front 
is definite; that at the rear is debatable. The possibility that the six 
year molar, a structure essential to the normal growth of tiw upper 
jaw, may be inhibited has been offered in criticism of the insertion 
posterior to it, and must be considered. Wherever placed, something to 
hold the bones in position to facilitate the operation on the bp apF'ars 

nccess3r3^ 

Overcorrection of the Alveolar Process Cleft: The matter of 01 er- 
correction or undercorrection of the process deft is reporter 11 m 
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large question mark. Whatever the plan used, the results have ranged 
from excellent closiires and contmirs to those that are f)vercorrecte<l. 
The wire has caused ovcrcnrrcction of tlie short side in tlie unilateral 
clefts (fig. 25), while in the bilateral clefts there are extraordinary 
deformitic.s in 2 cases, 1 of which is shown in figure 26. 'I'he penalty 
of direct force is a deformity which may he irrcjiarable ; although 
orthodontic procedures may re.snlt in correction to some extent, this is 
seldom complete. 

Experience leads me again to .state that the handling of the cleft 
of the alveolar process is the greatest problem in this field of surgery 
and that the solution probably lies in reiteration and enqilirusis of the 
dictum of early operation in order to apply properly the indirect force 
of the lip which in my experience is the only force of permanent effect. 



Fig. 25. The cast of an alveolar process and palate following repair wiiicli 
shows the penalty of the use of the wire on a Group 111 unilateral cleft. The 
process of the short side has been moved inward, a situation which results in 
malocclusion with the mandible. The illustration also shows the successful repair 
of the hard palate done on plans illustrated in figure 27. The apparent depression 
of the suture line is in reality a projecting ridge. 


I consider the action of the lip to be primary. The wires are accessory 
to the creation of this force and limited in their use to the extreme 
degrees of the deformity. 

Qefi of the Hard Pa/atc.— The statistics on this cleft follow : 


ncidence of inclusion of cleft palate requiring one stitch 
No. of cases in which operation was done 
No. of operations in 199 cases 

_ . fwhole suture line 321 

^rirnary failures .{front 81 

c j 25 i 

oecondary repair 

Secondary failure 

Mm. used 

Lateral incision packed 


272, or 77.7% of 350 
199, or 73.2% of 272 
244 

65, or 32.7% of 199 
44 

7, or 16% of 44 
15 
17 





archives of surgery 

• c^'ises the cleft of the hard palate is present 

in 01 lei^ Group II or III. The review of treatment of this cleft is 
m-Kle ^vIth a sense of hewilclernient. So many technical steps have 
cen suggested for its closure and so many things have been done in 
his senes that a statement of their relative value would be most iinre- 
iiahle. All cases have been attacked on the general principle that this 
cIcU was not a bone problem but one in which some form of a nnico- 
pcnosteal flap was indicated and that no matter what the arrangement 
of other tissue in a given case was, cleft of the hard palate was median 
up to the anterior palatine foramen. 



Fig. 26. — A failure of an effort to replace the premaxilla by the plan shown in 
figure 22 C. The upper cast is of the alveolar process and palate of the boy in the 
photograph. The lower cast is of the alveolar process and palate in another 
similar case. In both cases the pressure wires used to force the premaxilla into 
place acted instead on the lateral divisions, which were moved in heiiind the pre- 
niaxilla. In the upper cast tlie hard palate is shown perfectly united. In the oner 
cast the hard palate is open owing to tubulation and retraction of the nine 
periosteal flaps, which were severed from the front atfacliment.s. 


The question of mobilization of bone appears in the literature, 
in no case has lateral pressure by wires or invasion of the pa atine 
plates been done. The latter operation has been done on tim cacaic 
with the observation that the plates must be entered on a hue iuc.m. 
to the hamular process in order to move them toward the mirllmc. 
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Of all tlic plans ollcn-d, the fvimlameiUal leduiieal principle has hecn 
the classic Warrcn-Langenl)eck operation of lateral sliding ilajts inesiall)' 
sutured. 

The ohjeclion to this procedure is the foriuatiou of a dead sjiace 
hclwceu the hone aud the flap, hy which infection is invited. 'J'he 
statistical report of approximately 1 failure out of is valid evidence 
in snpi)ort of all those who deprecate this ])roce(lnre and use various 
other flap coinhinations. Infection in the hard jialate is the. main cause 
of failure. A high temperature may ])ersist after operation (in one 
case until the tenth day), with the stitches holding, and nf)t subside until 
some break occurs in the suture line. 

In the palates in Grou]) II. on account of the symmetrical arrange- 
ments of the tissue there is not the opportunity or the indication for 
using many of the accessory steps that arc ]iossible in the palates in 
Group III, which may present great variation in arrangement and 
contact. 

As already stated, all steps have been considered accessory to the 
lateral sliding flaps. These steps are discussed separately. 

Lateral Incisions ; In nearly all cases the mucoperiosteal flaps have 
been raised through a small lateral incision (fig. 27 / 1 ) made in an 
imaginary line carried forward from a point outside of the hamular 
process. The incision is made to the bone in order that the inserted 
elevator may follow the line of cleavage between it and the flap. In the 
1/3 and even 2/3 palates of Group II and in the 6 and 8 mm. hard palate 
of Group III, the flaps are often raised from the margin of the cleft 
starting in front where the mucoperiosteum is thick and often built 
up in rugae, and the danger of a button-hole is minimized. 

The incision for elevation of the flaps has been used because in 
the 10 mm. and larger clefts, something must be done to obtain relaxa- 
tion on account of stitch tension, particularly in the flat arches. This 
preliminar}^ step may be extended to any degree, from the soft palate 
to include the hard palate exclusive of the front attachment, a step 
which has been done but put aside. In all cases the effort was made 
to preserve the main stem of the palatine artery. Possibly unwittingly 
this artery has been injured by elevation of the flaps, but ordinarily 
I believe it is difficult to sever it without direct effort. In the past 
two years or so the incisions have been extended on the theory that by 
doing so the median cleft is divided and transferred equally to the 
sides, and because relaxation permits of the attempt to replace the 
mucoperiosteal flaps, by thumb pressure, to establish contact with 
the bone; the dead space is thereby obliterated or at least lessened. 

The objection in the literature to the extended lateral incision is 
that a fistula may form. In no case under my observation has this 
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Fig. 27. — A, the technic used for repair of the Iiarcl palate supplemented by tlic 
accessory procedures discussed in the text. B, a drawing showing tlie effort to 
build the suture line into a raphe. 

the upward pull against tlie stitches and the force of pressure by tiic 
tongue are minimized ; also, that in some cases, bleeding may ai)j)car 
excessive, and some step appears necessary for safety’s sake. In onl} 
one case of the whole series did I find a secondary hcniorrbage. 
found several cases in which a dela3'cd suture of the hard palate iiad imen 
selected in order to prevent tubulization of the flaps, and packs v.trc 
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used to liold the (laps in the position until the suture was done, d’lie 
secondary suture, wliether done early or late, is always a diflicnlt pro- 
cedure in my hands. When done early, the inilamm.'itnry re;iction 
present necessitates a most delicate toncli, while when it is done Lite 
the undercultinij of the luhc is c|nitc e.'cactin.tj. I he jiachs are f,'anze 
strips 1 inch wide. Iodoform, mild silver protein and tinctnie of hen- 
zoin arc the chemicals used, with a preference for the last. 'J'lie objec- 
tion to the packs is that they soon become foul. 1 have left them in 
as long as ten days, hut the average time for removal is six days. I 
believe thev arc useful in the selected case, but the tendency has been 
to put them aside in favor of greater relaxation anrl eflorl at reposition. 

Ilamular Process: The arrangement of the tensor palati tissues 
which loop over the hamular process has led to the suggestion that this 
structure be fractured to obtain relaxation and facilitate suture and 
union of the margins of the cleft. For a long time I deprecated this 
as a destructive and unnecessary procedure. But I have seen it done 
by expert hands and have done it on the cadaver, during a dissection 
of these parts. I was much interested to note that the tissues which 
I interpreted as the tensor palati and the levator palati looked like twin 
muscles, as though the tensor would assume the function or supjjort 
the action of the levator. Occasionally in this scries the procedure was 
used, but only in the selected case. 

Nasal Mucous Membrane (Vomer) : The red tissue over the vomer 
is wonderfully vital, holds stitches well, can be turned in several ways 
and appears so resistant to traumatism that apparently in this poor field 
it might serve as a free graft. 

I have turned flaps in two ways : with the base to the mucoperiosteum 
and again with the base to the vomer. 

With the former plan a red line appears in the hard palate, and 
although this tends to disappear with growth, the result does not have 
the appearance of a normal palate. In one case, the mucoperiosteal 
flaps were apparently in contact ; the palate was competent to manage 
fluids, but soft foods appeared at the nostril. At redissection, a com- 
plete tube of mucous membrane extending from the root of the vomer 
up to and into the nose was found. The secondary repair was easy 
because the mucoperiosteum was in contact but not united. The flap 
with the base to the vomer is dove-tailed under the mucoperiosteum, 
seems to lessen the space between it and the bone, holds the muco- 
periosteum in place and is greatly to be preferred to the other form. 

Delayed Flap: In no case rvas a turn-over flap, either immediate 
or delayed, used. In adults or older children this has been used with 
average success to close holes present through loss of tissue. Early 
experience with it as a primary procedure was so disheartening that it 
has been put aside. 
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Occasionally, as a trial, the front ends of the flap have been cnt 
and tie flaps lepJaced, to be raised and sutured later. The tubulation 
and retraction liave led to a large hole anteriorly, and to the exposure 
of tlie septum (fig, 26 B, lower cast). Something must be done to 
jirevent this occurrence, and the best thing is the use of the vomer flap 
U'lth the base to the^ bone and dove-tailed underneath, which anchors 
it in place. Even with this method, I have seen cases with a hole in 
front. ^ I believe that some front attachment, however slight, should be 
maintained. 


The plan of earl}' secondarj' suture of the delayed flap has yielded 
the best results, when it can be followed. 

The statistics show that the chance for primary complete union in 
the hard palate is the lowest offered by any suture line in the bod)^ 
However, if the holes shown in figure 28, and the hole in front which 



Fig. 28. — A, a linear hole which resulted after repair of a Group 11-% cleft. 
B, a round hole which resulted after repair of Group III left complete cleft. The 
hole at the alveolar process cannot be illustrated, but this has been included in the 
statistics of result under the general head of failures. 


cannot be shown, are excluded, possibly my results are not bad when 
all the factors inimical to a clean wound are considered. 

In spite of the report, I still believe that the Warren-Langenbcck 
principle is acceptable for three reasons : 

1. From the study of the embryology, it is the only plan wliich 
purports, partly at least, to follow the natural formation of the hard 
palate. 

2. When a primary unit is obtained, the result looks like a norma! 


palate. 

3. There is a high percentage of success in secondary repairs. 

The trend more recently is to consider the proper season for opera- 
tion, to inspect the child very carefully, to employ a sequence of opera- 
tions in the wider clefts and the simplest procedure in the 
of cases with a wide, lateral incision and to give more care a ' 
to replacement of the flaps, thus taking the two-to-one chance P 


success. 
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Clcfl of Ihc SofI PoUilc. — 'I'lie statiblics on dc-fl of tlic soft i):il:itc 
follow ; 

Incidence of cleft of 50 ft iialnte 27S. or 77.-177 of 350 

No. of cn.'ies in wlticli operation wa;; done 207 
No. of failures 7, or 2.43/r. of 207 

No. of secondary failures 1 

It is a sreat relief to come to the soft palate after the many problems 
of the other clefts and the great diversity of oiiinion cottcerning the stcjis 
in their repair. 

All patients in this series have heett operated on with the idea that 
the surgical principle is one of muscle repair. 

In the literature all operations arc based on this principle exccitl 
one, which fails to recognize that muscle elements disturbed in their 



Fig. 29. — A, the classic incomplete failure of operation on the lip: a notch at 
the nostril, a notch at the vermilion border and a short lip, due, I believe, to incom- 
plete union of the musculature of the lip. This photograph is placed here to 
illustrate my idea that failure of the soft palate to develop may be explained on 
similar grounds and to emphasize my belief that the problems of the soft palate 
and of the body of the lip are alike; the prime efforts at repair should be directed 
to the active elements of those structures. B, the results of secondary repair made 
by the muscle theory operation. 

normal relation of origin and attachment must lead to odd or incom- 
plete action and disturbed function. 

Excluding this suggestion, all others propose to unite medially and 
precisely the two halves of the soft palate with the great end in view 
of normal action of this structure for the purpose of speech and 
deglutition. 

I believe that the many plans attain this result and that they are 
not different operations hut different ways of doing the same thing. 

The more recent literature offers some thrilling presentations and 
discussions on the anatomy, phv'siologj' and mechanics of the soft palate. 
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A new (to me) term of description appears — palatopharyngeal sphincter 
— which is so apt to the problem, that I believe it should be accepted and 
incorporated in the literature. 

In all my cases the effort has been to repair the soft palate as it 
was found, in the belief that it was not the length of the palate that was 
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required, bul complete and nnrmal action, in order to rejiair a conqenital 
cleft in a great innscle scheme, which included not only the constrictors 
of the throat, hut those that were indirectly involved down to the 
larynx. 

In fact, the hroad general surgical principle in the repair of the 
body of the lip and the .soft palate cleft are ctmsidered identical, and 
each defect is rcjiaircd with ]>ractically similar oirerativc steps; in the 
lip, to allow the infant to develop its individual facial e.xpression ; in 
the palate, for control of motion, and in both areas, to coordinate general 
muscle action. Surgically, the ])rime effort is ]n'ecision. 

No effort to supplement length has been used because of the belief 
that if early motion is obtained by a successful union of the sides, the 
palate will grow along with the body, because the one thing that is known 
about muscle is that it hypertrophies on use and atrophies on disuse. 
Failure of the soft palate to develop is most often due, I believe, to 
inaccurate or incomplete contact of the muscle elements — a situation 
quite similar to the condition of the lip as .shown in figure 29 /J. 

The technic in all cases is illustrated in figure 30 and is briefly 
discussed in the legend, in which particular attention is called to the 
slight modification of the sequence of stitch insertion. 

The statistics show that the stitches held in 97 per cent of the opera- 
tions on the soft palate. When one considers all the factors inimical 
to the primary repair, this is a high percentage, so high that the charts 
were rechecked. I know that a failure in repair of the soft palate comes 
as a surprise. 

In the 7 cases of operative failure, there are 2 which show loss of 
tissue. This is a catastrophe, irreparable in most cases, and quite a 
different effect from a similar result in the hard palate. In the latter, 
the loss is usually replaced ; in the former, secondary efforts have been 
either unsuccessful or incomplete. 

Even though this percentage of success may be exaggerated, it is 
really high enough for one to say that the question of principles and 
procedure in repair of the soft palate approaches solution. 

CONCLUSIONS 

When one considers the time, thought and meticulous care expended 
on these babies and children, there is a great temptation to view the 
results through rose-tinted glasses. What I have said in relation to 
the results obtained in the repair of cleft lips, I wish to repeat in regard 
to the repair of the other clefts: that the percentages of my successes 
and failures would be materially altered by the criticism of my colleagues. 

The study of these cases reveals that the most satisfactory fields 
are in the soft palate and the body of the lip. It must be noted that 
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in cacli j)osition there are tissues with 
sation, and because of this many 
corrected. 


a wonderful faculty of coinpen- 
surgical errors imy Ijare been 


i he percentage of successful primary results of the operation on 
tlic hard palate cleft ami the plastic reconstruction of the nostril of tiie 
unilateial lip is too low, but I feel that attention to some details of 
the jwper will effect improvement in the future. 

I he most debatable and unsettled problem is the use of direct force 
othei than piessure with the thumb in the alveolar process cleft. The 
jrossihle penalty of the use of wire is overcorrection or misplaceineiit 
and malocclusion. With all the care that I have taken with this possible 
result in mind, I am free to illustrate my extreme failures. The action 
of the indirect force of the lip may not close the alveolar process cleft, 
but the balance is enormously in favor of this plan, because it may 
easily be supplemented b_v a prosthesis, while by the use of wires the 
patient may be subjected to an elaborate follow-up treatment which 
could have been avoided. 


However, the lip may not close the alveolar process in the wider 
clefts, and the routine use of this force irrespective of degree seems 
to me to avoid the issue. The answer to this problem probably lies in 
the age of the patient and an operation, even as a separate procedure, as 
early as possible in an effort to eliminate the use of wires in favor of 
the wonderful indirect force of the lip action. 

I repeat that the alveolar process cleft is the most important in this 
field, to be elevated to a peak of consideration as to the age of the 
patient and the sequence of procedure and of operation in any case. 

The statistics reveal that in all cases the clefts of the lip and ah’colar 


process have been operated on at a stated time, i. e., carfv. Of patients 
with clefts of the hard and soft palates, only about three fourths hme 
been operated on, which is explained by the more careful selection 
according to age, degree of cleft and other considerations. 

The classification recognizes the importance of the cleft of llic 
alveolar process. In Groups I and II the problems run fairly true to 
form, but in Group III is added the question : What shall he done to tlic 
bone cleft.? The classification thus requires the exact literal and pic- 
torial answer to the most important question; What kind of case is it. 

Finally, I have found this work tiie most interesting, intngnmg 
and fascinating of any field of surgery that I have ever 
responsibility assumed in the attempt to repair these co^Penita! dc 
ties is quite comparable to that imposed by the major ^,^5^ 

body, and worthy of the attention of any surgeon. . 

eVerience and ialensive stady, I believe wi.l, deep analdy 
are still many problems that await the touch of a mas 
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Tliis survcv is a review of wlial lias liaiMieiu-tl in iny scrie>. of ca^c'-. No refer- 
ences liavc liecn incliuled, yel 1 ant deeply olilipated In all contril.ntors \o this 
subject. 1 may safely say that no article has been barren of help and my peneral 
acknowlcdpincnt is made here. 'I'liere are. however, several roniribntions which 
should be particularly noted. 

Blair, V. P.. and Brown, J. B.: Miranll 0))eration for Sinple Harelip, Snrp., 
Gyncc. & Obst. 51:81 (July) 19.10. 

The most complete analysis of the iiroblem of repair of sinple harelip. .An 
original interpretation of the Miranlt operation snpiiorled by clear diagrams 
and the most beautiful results of re)vair found in the literature. The plans arc 
applicable to 2.17 of the 296 lips of my series, a very large iiercentage of the 
incidence. 

Browne, Dennis: The Operation for Cleft Palate, Brit. .1. Snrg. 20:7 (July) 1932. 
Splendid diagrammatic illustration of the mocbanics of the palatopharyngeal 
sphincter. Advocates preliminary rupture of the posterior palatine artery and 
tonsil e.xcision to be followed in three months by medial suture of both hard 
and soft palates with long lateral incisions. 

Burdick, C. G. : Hare-Lip and Cleft Palate, .Ann. Surg. 92:35 (July 30). 

Analyses of 184 cases. A statistical report of incidence of form and operative 
results on both lip and p.alate. Operations used diagrammatically illustrated. 
Davis, A. D.; Surgical Correction of Cleft Lip and Palate, 52:875 (April) 1931. 
Argues for bone union in the i)rocc.ss and the use of direct force through wires. 
Well illustrated. 

Dorrance, G. M.: Congenital Insunicicncy of the Palate, -Arch. Surg. 21:185 
(Aug.) 1930. 

A comprehensive review and abstract of 95 references to the literature of pro- 
cedures on the hard and the soft palates covering the years 1825-1928. Pre- 
sents an original operation for congenital insufTicicncy of the palate. 

Gattie, G. : Uranostaphylorrhaphy, Surg., Gynec. & Obst. 51:224 (Aug.) 1930. 
Operations on the palate delayed to 3 or 4 years of age, with lateral sliding 
flap on the hard palate with' median suture. 

Kitlowski, E. A. : Preoperative and Postoperative Care of Congenital Clefts of 
Lip and Palate, Ann. Surg. 95:659 (May) 1932. 

A most informative and satisfactory review of a very important phase of the 
subject: preoperative and postoperation care. 

Logan, AV. H. G., and Kronfeld, R. : Development of the Human Jaws and Sur- 
rounding Structures from Birth to the Age of Sixteen Years, J. Am. Dent 
A. 20:379 (March) 1933. 

A study of the development of the jaws and surrounding tissues. Refers to 
former studies but most of this work appears to be original. Of particular 
interest to workers in this field, with many points of great surgical importance. 

Alullen, T. F. : The Developmental Anatomy and Surgical Significance of the 
Orbicularis Oris, AA^’est. J. Surg. 40:134 (March) 1932. 

A most impressive contribution on the origin and development of the muscle 
elements of the lip. Of great surgical significance because the study indicates 
that the prolabium of the bilateral cleft lip is devoid of muscle tissue. 
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Pi-ylon, W. T. : Dimensions anti Growth of the Palate in the Xonnal Infant and 
in tlie Infant with Gross Mahicvelopincnt of the Upper Lip and Palate. Arcli 
Snr.e. 22:;0-4 (May) 19.11. 

Original and ineenions use of calipers and fle.vilde metal strips tor the com- 
parative measurement of the normal and the cleft palates. Merits the closest 
stitdy. '1 he contrilnition is one of the most important of recent years, .as it 
appears to indicate, if not prove, that in the general run of cases of cleft 
palate, all the normal tissues are present hnt out of contact. 

Risdon, 1'.; Surgical Treatment of Harelip and Cleft Palate in Children. Canad. 
M. .V. L 25;.'t'u (Xov.) 19.11. 

.•\ review and interesting general statement of personal experience. 

Ritchie, II. P., in Lewis, D.: Pr.actice of Surgery. Hagerstown, Md.. )\. F. 
Prior Company, vol. chap. 9. 

Purports to review the subject of harelip and cleft palate from another point 
of view; a scries of congenital clefts of the face and jaws. 

\'ean, and Borel, S.: Division palatine, anatomic, chirnrgie. phonetiqne. Paris. 
Masson S: Cic, 1931. 

.\ classic contribution by a master surgeon. Should be read and studied hj 
every worker in this field. 

Wardill, W. E. \V.: Cleft Palate. Brit. J. Snrg. 16:127 (July) 192S. 

A clear presentation of the mechanics of the nasophar>-ngeal sphincter in nor- 
mal speech with an original operation on the pharj-nx. supplemental^ to the 
repair of the soft palate. 



ANATOMIC BASIS FOR THE STUDY OF 
SPLANCHNOPTOSIS 

THE PATHS OE VISCEUAE DESCENT J A I’KEI.l M INAU\ lU-.I’OKT 

AGNES C. VIETOU, M.D. 

IIOSTON" 

EN MASSE DESCENT OE THE VISCERA 

In ptosis en masse, the abdominal visceral mass moves downward 
and forward, pushing the incompetent walls before it, without at first 
causing much change in the interrelations of the viscera, except that 
the more movable organs tend to descend farther and more rapidl}' than 
the less movable ones. This process is seen in its simplest form 
with the subject 13 'ing in the recumbent position when the descent of 
the diaphragm is insufficiently antagonized (fig. 4, c, in a preceding 
paper ^ ) . 

In the supine position gravity acts in a ventrodorsal direction, and, 
for a time, offers an obstacle to mass descent, since it tends to hold the 
viscera toward their attachments to the posterior wall of the abdomen, 
while at the same time it reenforces the retaining powers of the anterior 
abdominal walls (fig. 1/1). In the lateral recumbent position the direc- 
tion of the action of gravity is so changed that it becomes an additional 
factor which favors the development of varying phases of both ptosis 
en masse and individual splanchnoptoses, as well as changes in the body 
form (fig. E, F and G). 

But as soon as the trunk is erected from the horizontal to the vertical 
— as in changing from the supine to the sitting or standing position — the 
element of gravity (and its concomitants, traction and pressure) changes 
from a ventrodorsal to a cephalocaudal direction, and introduces pro- 
nounced visceral changes in the incompetent abdomen, regardless of the 
action of the diaphragm just noted. The retaining power of the 
abdominal walls is additionally weakened by this new factor, so that 
the walls themselves all tend to move downward and forward, and to 
exert traction or pressure in these directions on some of the viscera and 
on all the rest of the body form (in fig. 1, compare B, C and D with A; 
compare fig. 2, d, in a preceding paper ^ with fig. 3, a and f, in another 
paper, = showing the same child). 

From the Laboratory of the New York Lying-In Hospital. 

1. Victor, Agnes C. *. The Anatomical Basis for the Stnd}^ of Splanchnoptosis; 
Ptosis en Masse and Its Relation to the Body Form, New England I. Med 206- 
1137 (June 2) 1932. 

2. Victor, Agnes C. : The Anatomical Basis for the Study of Splanchnoptosis ; 
the Abdominal Walls at Term, Surg., Gynec. & Obst. 46:605 (May) 1928- Bull' 
Lying-In Hosp. New York 13:179 (Aug.) 1928. 
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Moreover, as soon as the upper and lower extremities liej^in tlie 
stretching and elongation of the vestigial, hioingically contracted dee]) 
fibrous tissues which hind them to the trunk, one of the first results is 
an increased sacrolumhothoracic anterior convexity whicli rotates the 
pelvis forward and downward, projects the viscera forward, causes 
stress on the abdominal walls and favors descent of both the w.alls and 
the viscera." These changes begin in the su|)ine ])osition (Victor," 
fig. 2, f), but reach their maximum in the extended standing ])Osition 
(Victor,^ fig. 3, fl). 

Final!}’, all positional changes in tlie abdominal viscera arc, sooner 
or later, reflected in the thoracic viscera and in the hndy form (fig. 
3, D and E). 

Traction on and by the viscera is largely exerted through peri- 
toneal folds, between the layers of which run the visceral blood and 
lymph vessels and the visceral nerves. Wlicn tlie viscera arc in their 
normal relations, these peritoneal folds arc folded np and relaxed 
(fig. 1 A), but when the individual viscera are disjrlaccd, the folds tend 
to become opened out; traction then tends to be exerted directly on 
the visceral vessels and nerves, and thence to be conveyed distally to 
the visceral masses and pro.xinially to the larger vascular trunks and 
to the larger neural trunks and ganglions (fig. 1, B, C and D). Trac- 
tion tends to cause both arteries and veins to elongate and to diminish 
in caliber, the veins tending to flatten and collapse owing to their thinner 
and less resistant walls. And one has at present the known sensory 
effects of traction on the mesenteries in the opened abdomen and also 
the sensory, motor and trophic effects of traction on external nerves 
to guide one in questioning as to the more subtle, but undoubtedly far- 
reaching, effect on the visceral nerves and ganglions. The vascular 
changes are striking when in the child at term pressure and traction 
are seen to be especially exerted on the abdominal aorta and ascending 
vena cava by the unantagonized sacrolumbar anterior convexity which 
is suddenly developed by changing the lower extremities (thighs) from 
their spontaneous position of flexion, abduction and outward rotation to 
the advanced human position of extension, adduction and inward rota- 
tion so that the patellae look forward." Such vascular interference, 
even if occurring slowly enough to permit of gradual changes in 
growth, suggests a causative factor in the more or less marked general 
nutritional changes which so often tend to occur in cases of ptosis en 
masse of the gravity type (Victor,^ fig. 3, b). 

DESCENT OF INDIVIDUAL VISCERA 

The most easily displaceable individual viscera are the kidneys, the 
stomach, the redundant portions of the colon, the liver, the lungs' and 
the heart. ’ ^ 
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DlCSCEXr OF THE KIDNEYS 

In plo.sis of the kidneys these organs, and the suprarenal glands to 

iKh they arc attached, are projected forward from the depths of the 
paravorleliral fossae to enter on the luniho-iliac inclined planes which 
lave a more or less steep vcntrocaiidal direction. Then the kidneys 
fcgin their independent descent, the suprarenal glands remaining behind 
Init elongating and showing evidence of stress from the continuing trac- 
tion exerted by the descending kidnc 3 "s. 

-\II the lateral!}’ placed viscera tend to lie in the long paravertebral 
lossac, hut in ptosis cn masse the shape and capacity of these fossae 
heconie modified by the descent of the viscera and the synchronous 
retraction of the posterior and lateral walls of the body.^ From the 
broader centra! region of the trunk, these fossae narrow more or less as 
they continue downward. They also change their direction, passing 
ventrocaudad in an inclined plane to terminate at the level of the fourth 
or fifth lumbar vertebra, though their continuance into the iliac fossae 
is more or less suggested, especially when the pelvis is rotated backward. 
'J'hcsc iumbo-iliac inclined planes are strongly marked mediad by the 
forward projecting bodies of the related vertebrae, tbe masses of the 
jisoas muscles and the medial portions of the quadratus lumborum mus- 
cles, structures which form the median boundary of the so-called kidney 
niches (fig. 2A,a,b and c). 

Owing to the relative shortness of the lumbar spine and to the rela- 
tivel}'' larger size of the kidneys at term, the lower poles of these organs 
at this stage of development lie only a little above the posterior crests of 
the ilia.'’ As a result, the kidneys lie more or less on these lumbo-iliac 
inclined planes which are directed more or less ventrocaudad in propor- 
tion as the pelvis is rotated forward or backward (fig. 2, compare A 
and B). As the child grows, the lumbar spine lengthens, and the kidneys 
appear to ascend (though their upper poles remain at the same level), 
thus resting higher and higher on the lengthening lumbo-iliac planes, 
the inclination of the latter decreasing from below upward. Thus the 
kidneys enter more and more into deeper parts of the parayertebra 
fossae, and they also rotate more and more backward and mediad on a 
relatively longitudinal axis, so that they come to lie a little oblique y, le 
hilus and its structures remaining the more anterior. Hence, otier 
things being equal, the greater the breadth and depth of the paraver- 

r^r, Agnes C.; (a) The Fundamental Cause Splanchnoptos.s- 

Abdominal Incompetence; a Developmental Factor. A study of Certain Det^^^ 

the Prenatal Evolution of the Abdomen, with 1924 U) Tbe 

Term Bull. Lying-In Hosp. New York 12:139, 1923; 13.1, 

Anatomical Basis for the Study of Splanchnoptosis; the Abdomm 
Term, Surg., Gynec. & Obst. 43:293, 1926. 




Fig. 2. — ^The paths of descent of the kidneys due to unantagonized gravity, as 
the trunk is erected from the supine position to the vertical, in the child at term ; 
A, supine position, the lower extremities in spontaneous flexion, abduction and 
outward rotation. B, supine position, the lower extremities extended, adducted 
and rotated inward so that the patellae look forward; C, flexed standing position. 
D, extended standing position. In B and D, note the marked tension of the psoas 
iliacus muscles, the forward projection of the lumbar vertebrae, the forward rota- 
tion of the pelvis and the consequent forward thrust of the kidneys and supra- 
renal glands ; a indicates the paravertebral fossae, showing the lumbo-iliac inclined 
planes and the basic foundation for the so-called kidney niches ; b, the so-called 
hepatic, gastrosplenic and kidney niches and the lumbo-iliac inclined planes after 
removal of the kidneys, the suprarenal glands being left in position ; the diaphragm 
is in the position of expiration, the domes sagging a little at their lowest parts ; 
c, progressive stages in the descent of the kidneys as the lower extremities are 
extended, adducted and rotated inward so that the patellae look forward and as 
the trunk is erected from the supine to the standing position. 
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•ut Iil\ ot (lie kidneys in liicir position, and conversely. 

.tit even at (lie greatest height and depth attained by the kidneys, 
e inn )o-i i,ic inclined planes offer ever ready paths favoring the 
de.^cent nl these organs. 'J'hc extension cephalodorsad and the down- 
ward and fonvai-fl inclination of lhc.se inclined planes are controlled 
largely by the sacrohnnhothoracic anterior convexity which follows, 
inoK. 01 le.vs, (lie normal ci'olution of the lower extremities (thighs), as 
these jiass Irom the [losition of flexion, abduction and outward rotation, 
existing at birth, to the more advanced human position of extension, 
lulductiou and inward rotation so that the patellae look forward." 

l!.ven in the supine position, this anterior convexit}^ (lordosis) is 
thus dcvelo])ed in jiroportion to the persistence of the vestigial contrac- 
tions binding tiie e.xtrcmities to the trunk, through failure of the post- 
natal antagonizing nieclianism. And as it develops, the psoas iliacus 
muscles become tense and are thrown into strong relief ; the loins are 
narrowed and dragged forward, and the pelvis is rotated forward and 
downu’ard ; the I'cntral inclination of the lumbar end of the lumbo-iliac 
inclined plane is increased ; the base of the so-called renal “niche” is 
lifted as the twelfth and eleventh ribs become part of the inclined plane 
and as the paravertebral fossa shallows and narrows; while the kidney 
is rotated forward from without inward, is projected forward as a 
whole and, especially' in its lower portion, now lies definitely on the 
always present lumbo-iliac inclined plane (fig. 2, B, a, b and c). 

^Vhen the trunk is erected to the vertical (sitting or standing posi- 
tion), thus changing the action of gravity from ventrodorsad to cephalo- 
caudad, the latter factor alone, unless the compensating mechanism 
develops equally, may now begin or accelerate the actual descent of the 
kidney's (fig. 2, C and B). Hence, ptosis of the kidneys, eithei alone 
or as a part of ptosis en masse, may begin in the recumbent position 
(fig. 1, c, / and (/; Victor, ^ fig. 4, c) or in the first sitting position 
(Victor,! fig. 2, a and b), and it tends to increase, with increase in 
the conditions favoring it, through the second and third sitting positions 
(Victor,! gg._ 2, c and d) and through the standing positions (fig- 4 
C, a, b and c), tending to reach its maximum in the extending standing 

position (fig. 2, D, a, and c). . 

The preparatory step in the production of nephroptosis in 
normally placed kidney is, then, a forward projection of t e 'i ne 
which lifts it out of its so-called niche in the paravertebral os 
places it directly on the lumbo-ihac inclined plane. f the 

Lp may be accomplished w'ithout disturbing the interrela tons of th 
S.ey and gland (fig. 2, .d and « since 

renal glands and the kidneys are projected forward ''P* . i,, a,„| 

i e., by increased anterior conveaity of the Inmbar spme (lordos.s) 
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by insufiicicntly aiitai^oiii/.cd descent of the diaphragm, tliese two factors 
acting separately or in coniinnation. 

The essential step in nephroptosis is separation of tlie kidney from 
the suprarenal gland and inde])endent descent of the former, leaving 
the latter attached to the diaphragm and other structures. Normally, 
there exists a relatively loose comhinatiou of jinsterior ]-)eritoneum, 
fascial envelop and fatty envelop, within which the kidney has always 
some motion, and it is in connection with these tissues (from which it 
makes a ptosis pouch) that it can slide easily and extensively, tlownward 
and forward on the lumho-iliac inclined plane, into varying degrees of 
ptosis (fig. 2, C and D). As the kidney is projected forward, it 
revei'ses its earlier backward and mediad rotation, the hilus becoming 
less and less relativel}'' anterior. y\nd in proportion as it separates from 
the suprarenal gland it rotates downward and outward, changing the 
direction of its long axis to downward and inward so as to approach, or 
even reach, the horizontal, and stretching and elongating the structures 
of its hilus and its connections with the suprarenal gland, on all of 
which it exerts traction. 

EXPERIMENTAL DATA 

Expcrimcnlal Development of Nephroptosis . — Nephroptosis of the diaphrag- 
matic type can be developed experimentally in the supine position within a few 
minutes, either in connection with ptosis cn masse or individually. In the former 
case, the abdomen is not opened, and all the viscera remain in situ, the abdominal 
walls in the dead subject being incompetent within the limits of their fibrous tis- 
sues ; under such circumstances, only the end-results can be demonstrated (Vietor,i 
fig. 4, c). In the latter case, the abdomen is opened and the other viscera are 
removed so as to expose the undisturbed suprarenal glands and kidneys ; the various 
steps can then be studied in sequence, as they progress to the same end-results, 
respiration being simulated by intermittent inflation of the lungs. 

As the insufficiently antagonized diaphragm descends more and more deeply 
under pressure of the intermittently inflated lungs (which continue to hold more 
and more residual air), the suprarenal glands are drawn forward and upward on 
the pillars of the diaphragm to which they are attached, and they are seen to 
pucker all over in moderately fine puckerings which seem to involve the entire 
depth of their substance. The kidneys follow the suprarenal glands forward, and 
as they are thus projected, they reverse their earlier backward and mediad rota- 
tion, and the hili become less and less relatively anterior. At the same time, the 
kidneys move downward and outward from the suprarenal glands, being pushed 
in these directions by the elastic pressure of the descending domes of the diaphragm 
against their upper poles. Thus, as they descend, they rotate downward and out- 
ward as on a relatively anteroposterior axis, the upper poles diverging and the 
lower poles converging. Coincidentally, the kidneys exert pressure and traction 
on their enclosing structures, so as to produce ptosis pouches ; the process is similar 
to that occurring in the gravity type of ptosis, which is to be described next, 
though in a lessened degree. These processes continue until the kidneys are so 
far detached from the suprarenal glands as to be no longer within reach of the 
pressure of the descending diaphragm, when the direct action of the diaphragm 
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Fig. 3. — Dclnils of inlcriiicdialc stages in ptosis of the hidneys: ptosis of 

the kidneys as part of ptosis cn masse, sliowiiig the displacement more marked in 
the right kidney than in the left. Tlic H\-cr, stomach, and left portion of the 
transverse colon arc held up hy mattress sutures to reveal the kidneys in situ. 'J lie 
right kidney is largely separated from the suprarenal gland and is rotated down- 
ward and outward so that its long axis approaches the horizontal. T he traction 
exerted on it by the ptosed right portion of the transverse colon and the overlying 
pressure exerted by the liver arc clearly shown. The left kidney is just emerging 
from hcncath the suprarenal gland, and its long axis has begun to he directed 
obliquely downward and inward, while its freedom from direct traction and pressure 
contrasts strongly with those factors on the right. F, all the abdominal viscer.T 
are removed except the liver, the suprarenal glands and the kidneys. The liver 
is then drawn upward, pulling the suprarenal glands and the kidneys upward and 
forward, and throwing into strong relief the ptosis pouches formed hy the descend- 
ing kidneys as they separate from the suprarenal glands, pushing before themselves 
the posterior peritoneum and the anterior portions of their fascial and fatty envel- 
ops. The kidneys have been freed from their adhesions to the suprarenal glands 
and to the pouches, to show the more advanced stage of ptosis wlicn they hang 
suspended from the structures of their hili (compare with D). Their long axes 
are now practically horizontal, and their lower poles overlap in the median line. 
Note the flattened, triangular, tongue-shaped continuations of the posterior peri- 
renal and pararenal fat, which slide downward behind the ])OStcrior perito- 
neum. Note also the ptosis of the lungs and of the heart : C, supine position ; 
/View taken from above. The thoracic and abdominal viscera arc in position, as 
found at term, the lungs being artificially inflated to counteract the retraction 
ensuing on opening the pleural cavities. The transparent, veil-like structure 
thrown over the transverse colon is the great omentum. D, extended standing 
position, view taken from in front. The kidneys were displaced as a part of the 
gravity type of ptosis en masse. Then the other abdominal viscera were removed ; 
the ptosis pouches of the kidney were opened, exposing their interiors, and the 
kidneys were freed and allowed to descend as far as the structures of their hili 
permitted. The thorax was then opened, and the heart and lungs were found 
displaced and showing the changes characteristic of advanced ptosis en masse of the 
gravity type. The pericardium was not opened. Note the marks of traction shown 
by it, by the mediastinal tissues and their extensions upward and by the thymus. 
Note that the left lung tends to fall lower than the right, to a greater or less 
degree. E, same subject as in D. No change was made except to lower the 
subject to the supine position, thus changing the direction of gravity from cephalo- 
caudal to ventrodorsal (view taken from above). The right lung is displaced 
from in front to show how the posterior border expands medially, thus helping 
to hold the heart forward. Otherwise, there is return of the heart and lungs to 
approximately their original conditions, with disappearance of the evidences of 
traction and stress. Note the returning shortening and broadening of the thoracic 
cavity and its viscera, as well as of the abdominal cavity. Note the return of the 
kidneys and of the elongated and stretched suprarenal glands toward their original 
positions. 
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Fig. 4.— The paths of descent of the .stonwcli, in varying stages of distention, 
when exposed to insnlllcicntly antagonized gravity in tlie extended standing i>osi- 
tion. /J, the stomach is in the second stage of distention, and it has already 
descended. Note the narrowing and elongation as the cardia is npprf)ached, the 
accompanying descent of the narrowed and elongated spleen to the left and the 
traction by the descended transverse colon on the liody and anlrvim of tlic st<tmach, 
the first portion of the duodenum, the tr.ansverse fissure of the liver and the neck 
of the gallbladder. The gastrocolic ligament became detached from the stomach 
between the vertical wrinkle shown and the point of contact of the left horder 
with the spleen. Note how the persisting traction to the right of this area inter- 
feres with the normal upward and forward rotation of the stomach which begins 
in this stage (compare with E, and note how traction on the stomach by the 
transverse colon is lessened, as in this case, when the latter is empty and when 
it finds support, as on the cushion of distended small intestines). B, in addition to 
the liquid present, the stomach is inflated with air sufficiently to carry it to the 
beginning of the third stage of distention, the edge of the left side of the thorax 
being lifted by a suture to show tbe gastrosplcnic niche. Note the migration of 
the stomach downward, forward and to the right, as well as the marked rotation 
upward and forward and the kinking on both the gastric and duodenal sides of 
the pylorus, while the outlines of the antrum tend to merge more definitely with 
those of the body and to suggest a form of telescoping of the former into the 
latter. C, inflation is carried further, so as to develop a later phase of the third 
stage of distention, the stomach migrating still farther downward, forward and to 
the right, the antrum moving toward assuming an anteroposterior direction, and 
the first portion of the duodenum moving toward kinking and torsion, as it becomes 
hidden by the antrum and body of the stomach. Note the increased descent of 
the spleen as it lies on the splenic flexure. D, inflation is carried still further 
so as to develop the fourth stage of distention, the stomach approaching the limits 
of its migration downward, forward and to the right, and adding a second upward 
and forward rotation. Tlie antrum is directed backward, or even a little from 
right to left, and it tends to press the pylorus or the adjacent part of the first 
portion of the duodenum against the posterior wall of the abdomen, and to 
cause obstruction of the stomach or duodenum, or of both. The spleen continues 
to move downward, forward and to the right with the stomach. In this case, 
the low density of the distending contents partly antagonizes the localizing effect 
of gravity, the stomach falling more gently throughout, in contrast with the 
stomach in E. E, same subject as in figure 1, A to D, in which the stomach con- 
tents are of greater density. The liver is held up to reveal the stomach which 
shows that the effect of gravity is not only diffused generally, but is especially 
localized in the lowest part of the body of the stomach, the tissues yielding and 
developing the pipe bowl shape of stomach, and impairing the upward and forward 
rotation belonging to this stage of rotation (second to third). Note the kinking 
at both ends of the antrum (which maintains its direction upward and to the 
right, due in part to the frustration of this upward and forward, rotation. F, the 
liver is experimentally rotated backward and to the right, causing descent of 
the transverse fissure, the lesser omentum, the antrum and the first portion of the 
duodenum and developing an approach to what has been called the “tubular” 
type of stomach. The experiment is favored in this case by the pressure of a 
distended large loop of the subgastric transverse colon which nearly fills the left 
hypochondrium by displacing the stomach into, or to the right of, the median line 
Note the greater visibility of the transparent great omentum in this case as 
compared with figure 1, A, owing to the greater deposits of fat along the line’s of 
the blood vessels. 
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n.. the k-icI,«oys cc;,scs _(Vic(or,t fig. 4, .)• As the kidneys descend they make 

Kl'-Iml"" th,'! ',!!!" • '"■'f'""'"’" co'X'ccfions uniting them with the suprarenal 

organs through their fibrous 

. Luork, and producing tlic puckcrings seen externally. If the lower extremities 
(tinglis) are first extended, adducted and rotated inward so that the patellae look 
K-rnard. tlie consc(|uent forward projection of the lumbothoracic spine, the kidneys 

and tile .suprarenal glands, facilitates the separation of the kidnevs from the supra- 
renal gland.s. 

Xqiliroptosis of the gravity type can be developed experimentally a little less 
speedily i,ut. nevertheless, fpiite rapidly (fig. 2, A, B, C and D; fig. J, A, B, D 
and h; fig. 4.^ A and £). In addition to gravity acting in the downward and 
forward direction of least resistanee, the initial force from behind to project the 
kidney forward is in this case not the diaphragm, though this element may be 
added, but the sacrolumbothoracic anterior convexitj' which tends to develop as 
the trunk is erected to the vertical, and which is increased in the extended standing 
position ns the lower e.xtremities are at the same time extended, adducted and 
rotated inward so that the patellae look forward. Both the suprarenal glands and 
the kidneys are carried forward, the latter again rotating forward and mediad 
and also descending and making traction on the former, but the traction is now 
continuous instead of intermittent, and instead of puckering the suprarenal glands 
it causes them to elongate and to be dragged after the descending kidneys. This 
causes traction stress on the suprarenal glands which is conveyed through them 
to their basic attachments to the diaphragm and other structures, but these attach- 
ments do not yield, and the suprarenal glands remain in their relative position. 

As the kidnej'S become separated from the suprarenal glands and descend, they 
also begin to rotate downward and outward as on a relatively anteroposterior axis, 
the upper poles diverging and the lower poles converging. Thus, the long axis of 
the kidney, from being directed downw’ard and outward, becomes first vertical 
and then inclined more and more obliquely downward and inward, as it moves 
toward the horizontal, e^’e^tually approximating, or even reaching, that position. 

As the kidney moves caudad, away from the suprarenal gland, it pushes before 
itself the anterior leaf of its fascial envelop (covered in part by the posterior peri- 
toneum) as well as the related portion of the perirenal fatty envelop, and it thus 
develops a pouch in which it lies, this ptosis pouch gradually broadening below 
and collapsing above as the kidney descends, still rotating outward as it descends, 
so that its long axis continues to move toward the horizontal. This pouch is 
sharply delimited laterally by the union of the anterior and posterior leaves of t le 
perirenal fascia, and it is definitely delimited below, though the anterior and poste 
rior leaves of the perirenal fascia do not here directly merge. They are, however, 
united to each other by a special arrangement of strong fibers of connective tissue 
which extend through the perirenal fat and form what has been termed a as e 
(Kelly and Burnam) below the lower pole of the kidney. 

While the ptosis pouch of the descending kidney is thus formed ^ J 

stretched and elongated anterior leaf of the renal fascial envelop, wit e r 
portion of the perirenal fat, the posterior leaf of the renal fascial env 
in the descent by elongating and sliding downward on the ^ ^ 

wall without definitely leaving the latter, ^nce, it 
appears to be the stronger, either intrinsically or through .is comec ’ 

haps both. In any case, it bears the brunt of ^ ^ it transmits 

ini kidney, and, in turn, beyond the limits of its yielding to ri- 

h: traction to the posterior abdominal wall. The continuations of both 
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renal and the. pararenal fat below the Ivulney al.'-o slide tiownward, forming two 
flattened, triangular, tongue-shaped masses «)f fat, with apexes directed downward, 
which advance below the descending kidney down the iliac fossa and along the 
lateral brim of the pelvis, pushing before them the overlying posterior peritonenin. 
These sliding triangles of fat arc more or less sharply delimited from each other 
and from the mass of the descending kidney (fig. 3, B and D). 

By combining the displacing action of unantagoniired gravity in the standing 
position and that of insufficiently antagonized descent of the diaphragm, the com- 
plete cycle of nephroptosis can he developed experimentally in a very short time. 
It can he compared with the auto()roduction of a demonstrable advanced nephrop- 
tosis in the unopened abdomen in the standing position in the following ease : A 
tall, slender woman, aged 26, has ptosis eii masse of the gravity type. She states 
that she had subjected herself to marked tight lacing for several years. During 
that time, her right kidney was said always to he prolapsed. Since her marriage, 
two years ago, she has given up lacing, and now the kidney is often not easily 
palpable. She can bring it into evidence by standing and throwing her trunk to 
the left side and backward, arching the left side of the trunk. This flattens the 
lumbosacral region and throws the right pelvis up and forward, flares the right 
lower ribs and makes the right side of the abdomen prominent. She then increases 
the intra-abdominal pressure by taking quick, deep abdominal inspirations and by 
making slow, forcible expirations, each accompanied by a downward expulsive 
effort concentrated toward the right side of the abdomen. As she proceeds, the 
right kidney emerges from beneath the liver and ribs and can be plainly followed 
by the hand as it travels down to the pelvis and backward and forward across 
the right side of the abdomen. The patient reports repeated attacks that answer 
the description of ureteral colic. 

In the gravity type, if the ptosis pouch and other related structures are not too 
stretched and lax, the assumption of the supine position tends to encourage the 
kidneys to slide upward and backward, along the lumbo-iliac inclined planes, 
toward the suprarenal glands and toward the primary location of the structures of 
their hili (fig. 3, compare E with D). If the related structures are too lax thus 
to guide it, the kidney remains floating in some part of the abdomen, and it may, 
more or less, even cross the median line (fig. 3, B and D). 

In the diaphragmatic type, the return of the kidneys in the supine position is 
hindered by the tendency of the diaphragm to remain lowered, even during expira- 
tion, owing to the tendency of the ptosed lungs to become emphysematous, and to 
the tendency of the diaphragm to become lowered, broadened and shallowed 
(Vietor.i fig. 4). 

Intrinsically, the two kidneys, their envelops and their immediate 
attachments react in the same way to the same laws, but the right kidney 
tends to descend more easily and to a lower level than the left. This is 
the result of several extraneous factors; 1. The colonic and primitive 
mesenteric evolution of the right side of the abdomen takes place later 
than that of the left and, consequently, is less complete and stable ; as 
a result of this condition, the colonic and primitive mesenteric sur- 
roundings of the right kidney give less stability and support, and permit 
more pressure and traction, which favor descent (fig. 3, A). 2. Other 

abdominal viscera exert a displacing power on the right kidney which 
they do not exert on the left, and a retaining power on the left kidney 
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' . ^ ^ '''' ('■'S. 3, A). 3. Some of the „lti- 

ole .tllncltmenls of tire right kidney ore longer or less resistant than 

he corresponding ones of the left kidney, and some of the nltimate 
.itloehmcn s of the left kidney are sliortcr or more resistant than the 
cariTsponding ones of the right kidney (fig. 3, B and D). 

_ Jn nil cases, ^vhen the otlicr abdominal viscera are left in situ, the 
right Kidnc}- descends more easily and rapidly than the left (fig. 3, A). 
fn all cases, when the other abdominal viscera are removed, and only 
(he kidneys and suprarenal glands are left in situ hut undisturbed, the 
(wo kidne\s descend similarl}'', sometimes the left being momentarily 
the lower; hut ultimatcl}^ when (on opening the enclosing pouches and 
freeing (he kidnc\’s from their adhesions to these pouches and to the 
suprarenal glands) the two kidneys hang swinging on the elongated 
structures of their hili, the right tends to hang longer than the left 
(fig. 3, B and D). 


DESCENT OF THE STOMACH 

In ptosis of the stomach, the fundus remains under the left vault of 
the diaphragm ; the organ as a ■whole struggles to rotate upward and 
forward, and to migrate dowmward, forw^ard and to the right, and con- 
versely, as it is distended and emptied ; the antrum remains high at its 
junction with the first portion of the duodenum, but eventually the walls 
of the body yield and descend below the level of the antrum to form the 
bowl of the typical ‘'pipe-shaped” stomach. 


EXPERIMENTAL DATA 

The marked normal mobility and the varied positional changes observed in this 
studj’’ as the stomach passes from the empty to the distended condition and back 
to the empty or resting position have been described in detail.® It will suffice now 
to note that under distention the first change is the separation of the anterior 
and posterior -walls from each other, the organ remaining in position (first stage 
of distention). Then, if the distention is continued and increased, the stomach 
balloons out in all directions and migrates from its recess (gastrosplenic niche o 
left paravertebral fossa) behind the left lobe of the liver and under the left dome 
of the diaphragm where, however, the fundus remains, the path of migration 
being determined by the inclined plane which bounds the gastrosplenic nicie 
medially and antero-inferiorly. As it migrates, it rotates on varied axes, at rs 
forward and upward (second stage of distention, fig. 4, A), then also ’ 

forward and to the right (third stage of distention, fig. 4, B and <-), an , na , 
again forward and upward (fourth stage of distention, fig. 4, D). ^ 

distention subsides, it passes through these changes in reverse or er an I' 
until it lies, with anterior and posterior walls in apposition, in its or g 
.„d in its imp.,, or re,,™ sh.pe and posi.lnn 

physiologic changes ol position and contont must be j pj ,|,i, 

though the path of descent of the stomach in ptosis is larg y 

physiologic basis. 
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All the hollow alnloininal visccj'a have the conmton jieculiarily that 
as they avc (listcmlcd they tend to swini; on their mesentery and to 
rotate forward and upward, tlie degree of rotation (oilier things being 
equal) depending on the density of their contents, being greatest when 
this is least. A structure which in this sense acts toward the stomach 
as the regular mesentery does toward the intestines is the lesser omen- 
tum (gastrohepatic omentum or so-called gastrohcpatic ligament), and 
it is on this peritoneal fold that the stomach swings in its normal move- 
ments of distention and retraction (though in the initial upward and 
forward movement, whicii is more definitely limited to the body of the 
stomach, i. e., in the second stage of distention, the rotation seems to 
occur more definitely on the abdominal esophagus and the gastrophrenic 
ligament, fig. 4, A and E). 

And it is on this peritoneal fold, and on the structures which it 
encloses, that traction is markedly made when it is unfolded by the 
descent of the stomach in ptosis. The distal attachments of this gastro- 
hepatic mesenter}^ are the central tendon of the diaphragm (from the 
neighborhood of the esophageal opening) and, passing to the right, the 
transverse fissure of the liver. The support of the stomach is continued 
to the left of this gastrohepatic mesentery by the abdominal esophagus, 
the gastrophrenic ligament and the gastrosplenic omentum, as well as 
by the direct (nonperitoneal) attachment of the cardia and fundus to 
the diaphragm ; and it is continued dorsad by the great vascular trunk's 
which run so short a course before being distributed to the stomach and 
related viscera. Traction by the descending stomach is exerted on all 
these structures, including the related nerves and ganglions. 

The one outstanding factor in ptosis of the stomach is the relative 
resistance which this line of attachment offers to the traction exerted 
on it by the descending stomach, the tissues of the stomach themselves 
eventually yielding under the stress (fig. 4 £). It is important to note 
that the attachment of the lesser omentum is continued to the right 
beyond the limits of the antrum of the stomach, so as to include the first 
portion of the duodenum (fig. 4, A, B and E) ; the resistant powers of 
this and of related nearby structures are well shown by the observation 
that even in advanced gastroptosis the duodeno-antral region remains 
high, the firmer antrum suggesting a stem on which the flaccid body of 
the stomach hangs and sags, the body tending to elongate and to develop 
the familiar pipe-bowl-shaped stomach, with kinking tending to develop 
at one or at both ends of the antrum, i. e., in the softer body of the 
stomach or in the softer first portion of the duodenum (fig. 4, B and E). 
It is further important to note that when this duodeno-antral portion of 
the lesser omentum is unfolded and subject to traction, the latter force 
IS expended also on the important structures which are enclosed within 
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Jts folds as liK-y enter or emerge from the transverse fissure of the iiver, 
I. e., the liepatic artery and vein, the bile ducts and the portal vein, 
together with lyinpiiatic vessels and nerve plexuses (fig. 4, /i, B, C, D 
and h). And wljen the cysticocollc ligament exists as an extension of 
the lesser omentum, the traction is thus extended to the neck of the gall- 
hladder (fig. 4, J, B and C). 


.Mlhough the fundus remains under the left dome of tlie diaphragm, 
as the stomacli dcsccjuls truclioii is made on the abdominal esophagus, 
\\ Inch tends to elongate and to narrow. Tliere is a similar tendency to 
elongation and narrowing of the cardia and, indeed, of the whole body 
of (he stomach, as n result of the tractio?) which is thence conveyed to 
its diaphragmatic attachments (fig. 4, A and E). 


1 he ttiiidtis and hotly of (tic stoiiincli and (he spleen lie in whaf may be 
called the aastrosplenic niche, in (he sense in which (he lungs, the liver and the 
kidneys lie in niches, all these recesses being p,nr(s of (he paravertebral fossae 
(fig. 2, A to D; fig. 3, C, D and U). This g.astrosplcnic niche in its upper portion 
forms a more or less deep and broad concavity which lodges the spleen, the 
fundus nud most of the body of the stomach (fig. 4, B, C, D and E), while its 
lower and tnorc median portion forms an inclined plane which is directed down- 
ward, forward and tnediad, and which consists of the left suprarenal gland and kid- 
ney, tile left portion of the pancreas and, still more deeply, the posterior portion of 
tlie diaphragm sejiarating the abdominal and thoracic cavities (fig. 2, A, B, C 
and D). It is on this inclined plane that the lower part of the body of the stomach 
and the antnuii lie, though the latter ma)' pass on or over the projecting front 
of the vertebral bodies to unite with the first portion of the duodenum. Above and 
on the left side, the gastrosplcnic niche is bounded by the left lobe of the liver 
and by the left dome of tlie diaphragm, the splenic flexure of the colon and the 
transverse mesocolon being interposed below (fig. 4, A to E). On the median side 
the niche is limited by the vertebral column and by the posterior angles of the 
related ribs, being separated from these structures by the diaphragm and by the 
left pleural cavit}", while the lesser curvature is continuous with the transverse 
fissure of the liver tJirough the gastfohcpatic omentum (fig. 4, A, B, C and D}- 


Not only is the stomach subject to descent through the influence of 
insufficiently antagonized gravity and descent of the diaphragm, wlucA 
cause it to exert traction on its supporting attaclnnents, but it (s aho 
subject to traction from below; this added traction tends to increases 
descent and its former traction as well as the yielding of its own tissues- 
The added traction is due to descent of the transverse colon and i 
exerted through the gastrocolic ligament whenever this peritonea 
is less deep than is the corresponding portion of tlw transverse m 
colon (fig. 1, S, C end B; fig. 4, A, B and E). T fins, “ “ j. 

added toward prodneing gastroptoais. and parBcularly fie p ^ 
shaped stomach (fig. 4, .4 and E). And as l-y 

colon is always more or less rednndant » (Victor,”' table I ). trad. 
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it on llie stoniacli. through the gastrocolic liganient. is always potential 
when the abdomen is incoiniietent. 

In tills study, tlic gastrocolic li(;nmenl at term lias liccn (uviiul to vary c.rcatly 
in depth (troni alionl 1 nini. to practically the same depth as that of the transverse 
mesocolon), and this variation is not uniform in all portions, heinn deeper, for 
example, in the redundant loops of the suh};astric transverse colon than in the 
iionredundant portions. It lias also heen found that, regardless of other redun- 
dancies of the transverse colon, the most constantly redundant loop tends to lie 
below the vicinity of the external Ixirder of the resting or empty slomach,a tpis 
redundancy seeming to be related to the normal excursions in mobility of the 
stomach as it passes from emptiness to distention and hack to emptiness. 

The So-Called Tubular Slouiach. — In thi.s .study, descent of the 
duodeno-antral region occurred only when the liver was rotated back- 
ward and to the right, and this descent favored the development of what 
has been called the tubular type of stomach (fig. 4/'). 'J liis tnlnilar 
appearance seemed more strongh' suggested when the stomach was of 
the pyriform rather than when it was of the cjuadrangtilar type 
(Victor,^*’ figs. 7, 9-XLVI and 5-XLIX). 

Relation of the first Portion of the Duodenum to Movements of the 
Stomach. — The proximal part of the first portion of the dnodcmim is 
movable, and it shares more or less in the movements of the stomach, 
thus permitting the stomach to move farther to the riglit, or forward, or 
upward or dowmvard, as it migrates during distention,'’'^ and at the 
same time tending to produce kinking, torsions, or obstruction of the 
duodenum. As the stomach descends in ptosis, it still struggles during 
distention to pass through the cycle of changes described, but as it falls, 
there is a greater tendency to develop kinking at the junction of the body 
and the antrum, as well as kinking and torsion of the first portion of 
the duodenum (fig. 4, B, C, D and E), with increased tendency to 
develop obstruction at the pylorus or just distally to that point (com- 
pare fig. 4 D with figs. 7, 9-XLIIB and 9-XXXVII in a preceding 
paper 

CLINICAL QUESTIONS SUGGESTED 

Remembering the marked tendency to the development of ulcer along the lesser 
and greater curvatures of the stomach, and on both the gastric and duodenal sides 
of the pylorus, one cannot help but question whether the traction on the regions 
here demonstrated may not at least predispose to the development of such lesions. 
Other things being equal, the gastric lesions would be expected to occur more often 
in the smaller eaters, whose stomachs would be more likely to be limited to the 
earlier phases of distention (the first, second, and early third stages), and who 
would he thus more directly exposed to simple insufficiently antagonized gravity 
and traction ; while the pyloric and duodenal lesions should be more frequent in the 
larger eaters, whose stomachs would be more likely to pass through the more 
advanced phases of distention (the more advanced third and the fourth stages) 
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f rst i)or( on of tlic cluociciuitn ni.iy be produced at term by overdistention of the 

stoniacb (tl,c later 11, .rd and the fourth stages ^>0, which causes the antrum, with 
or without the movable part of the first portion of the duodenum, to assume an 
anteroposterior direction and press the pylorus or the adjacent first portion of 
the duodenum against the posterior abdominal wall, one cannot but question 
whether a so-called “congenital hypertrophy of the pylorus” may not rather often 
he an acquired condition (fig. A, D; compare with figs. 7, P-XLIIA, 9-XLIIB 
and 9-XXXVII, in a preceding paper-"''). 


PTOSIS 01 - OTHER ORGANS 

Spleen . — As llic stoiiiacli descends, it makes traction on the spleen 
and exjioses the latter organ more definitely to the action of insuffi- 
cicntl}' antagonized gravity. As a result, the spleen descends in a 
tonguelike process which extends downward to the left side of the 
descending stomach, apparcntl)'- being guided by the sustentaculum 
lienis (left phrenocolic ligament) to slide on or over the splenic flexure 
(fig. 1, B, C and D; fig. 4, A to E). ’ 

Colon . — In ptosis of the nonredundant colon, this portion of the 
intestine tends to move downward, forward and mediad, making trac- 
tion on, and elongating, its mesocolon or attachments, and tending to 
develop or to increase angulation, kinking and stasis. In ptosis of the 
redundant colon, the loops I'eadily unfold, introducing at once the 
variable problems of migration and torsion ; of traction on the vessels 
and nerves of their mesocolon and intervisceral connections, and on 
the continuations and attachments of these structures ; and of kinking 
and stasis at the angles of the loops. 

The nonredundant colon follows the lines of parietal attachment of 
its mesocolon in outlining, a little irregularly, the circumference of the 
posterior and posterolateral walls of the abdomen (Victor,^*' fig. 8)- 
The redundant colon follows parietally the same lines of mesocolon 
attachment, but its mesocolon A'aries in depth and its redundant tissue 
forms loops (Vietor,='>^ fig. 9). These redundant loops are found m 
prenatal life and at term in one of two conditions.- They arc cither 
more or less folded up along the lines of the parietal attachment o 
the mesocolon (fig. 1 A; fig. 3 C; fig. 4 ^ and F), or else 
or less unfolded and directed, predominantly, toward the mida )c 
(fig. 1, 5, C and D; fig. 4 5). , 

Thus, an unfolded intestinal loop cannot necessarily be consic e 
an example of ptosis. It would seem, rather, tl-t 
considered to begin when the abdominal walls are so 
support the unfolded loop, either directly ‘,,t,chn,cnt.<. 

exerted on the mesocolon or on mterviscera or p^ 
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Though migrations and displacements may at times cause some varia- 
tion, the unfolded loops of the transverse colon tend to be directed 
downward : the sigmoid colon, upward ; the snhhepatic, downward, for- 
ward and inward ; and the ascending and descetuling colons, forward and 
inward and perhaps also downward (Vietor,”'’ ligs. d. 5. 9 and 10).' 

The position of the colon and its loops is also modified hy the degree 
of support and counter-resistance offered hy the abdominal w.alls. hy the 
degree of distention which they undergo and hy the density of the dis- 
tending contents. When distended, the colon has a tendency to rotate 
on its mesocolon eccentrically to the midahdomeu ; in such case, the 
loops tend to migrate upward, 'or upward and outward, especially if the 
density of the contents decreases, though gravity tends to make them 
descend, especially if the densit}' of the contents increases. 1 bus, the 
transverse colon may at any moment swing upward and he found pro- 
jecting forward at an}’ angle to the vertical; it may overlap the free 
margins of the right or left lobes of the liver, or it may even he found 
filling the left part of the hypochondrium, compressing the stomach, 
displacing it toward the right, and causing it to make lateral traction 
on the abdominal esophagus (fig. 47*). 

In the vertical positions (sitting, standing), gravity tends to cause 
the redundant loops of the transverse colon to fall downward and for- 
ward and toward the midabdomen ; the loops of the sigmoid colon tend 
^0 fall and to become displaced (especially toward the right) and to 
form new arrangements,^ and those of the ascending and descending 
colons tend to swing forward and downward. 

As the transverse colon descends, it makes more or less traction on 
its attachment to the posterior abdominal wall and to the intervening 
viscera, either directly or through the transverse mesocolon, the former 
being especially characteristic of the right portion as it crosses the 
second portion of the duodenum and the right kidney (fig. 3 A; fig. 
4 A). The left portion would similarly make traction on its mesocolon, 
but it tends first to make traction on certain intervening viscera when- 
ever the intervisceral connections are shallower than is the transverse 
mesentery. These intervening viscera are the stomach, the first portion 
of the duodenum and the neck of the gallbladder, and the traction is 
made through the gastrocolic, the duodenocolic and the cysticocolic 
ligaments (fig. 3 A ; fig. 4, A, B, C, D, E and F). 

As the redundant loops are unfolded, kinking may occur at one or 
at both ends of the loops, interfering with both peristalsis and anti- 
peristalsis and leading toward stasis. This tendency is modified in 
proportion as the angles at the ends are distended; hence traction, 
kinking, and stasis are most pronounced when emptiness of the angles 
coincides with fulness of the body of the loop (Vietor,="> figs. 4 5 
and 16). ’ ' ’ 
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J he small jnfcstine is stirrouiiciecl by tlie large intestine. When the 
fonner cbstenclecl. it n.oves foru-ard on its mesenteric anchorage and 
cMtiuls cccentncall}- m all directions, proportionately to the density of 
Its distending contents and to other factors. It thus tends to exert 
jncssurc. eccentrically, on the surrounding large intestine and to form 
an elastic cushion on which rest the transverse colon and mesocolon, the 
nei and the distended stomach (fig, 3C). If distention of the large 
intestine is added, the latter rotates further on its mesocolon, eccen- 
trically to the midabdomen; the abdomen is enlarged in all directions, 
and the liansversc colon may be found thrown upward over the liver 
and stomach, or encroaching on the latter in the depth of the left part 
of the hypochondrium, or even (if the gastroduodenocolic ligament is 
shallow enough) making upward traction on the stomach and first por- 
tion of tile duodenum, and perhaps even on the neck of the gallbladder. 

Liver. — In ptosis of the liver, this organ, like the fundus of the 
stomach, does not leave its position under the domes of the diaphragm; 
hence, as it descends under the influence of insufficiently antagonized 
gravity, the diaphragm, the walls of the thoracic cage and the lungs 
retract to follow it, the ribs becoming oblique as they fall, and all three 
of the latter structures diminish proportionately in lateral expansion 
during inspiration. These changes in the surroundings of the liver 
explain why its ptosis may not be confirmed by percussion of the 
parietes, since as the organ descends, the enclosing parietes also descend, 
at the same time retracting, especially laterally. Again, somewhat simi- 
lar!)^ to the body of the stomach, the tissues of the liver themselves may 
Aueld under stress, so that the organ may tend in time, wholly or par- 
tially, toward elongation and change in contour (fig. 1, compare B, C 
and D with A; note £, F and G). 

The liver is held in position in apposition with the domes of the 
diaphragm not onl}'' by its attachments but also by a negative pressure 
resembling that noted in the articulations, and within the limits of its 
attachments it seems to move physiologically somewhat as does the hea 
of the bone within a ball and socket joint. These movements are ran 
eties of limited rotations on varied axes and have been called versions. 
The rotations ma}" be forward, backward or laterally, or in combinations 
of these directions, and they seem to be in the nature of adaptations to 
the other viscera and to the parietes. The first change which t le ner 
undergoes in ptosis is in the direction of more or less e.xaggera lo 
these physiologic movements. When the abdominal wa s are re , 
and even in the supine position, the liver tends to sag ’ 

in the direction of its heavier lobe, making more or less j. 

SreCion on all its connections, both visceral 
This sagging to the right is increased ,n the r.ght lateral 
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position (fig. 1, il nml /'), Init it is progressively deerc;ise(l :is the, trunk 
is raised toward the vertical, in the silting (fig. 1 B) and standing posi- 
tions (fig. 1. C and D). In the c.'clended standing ])()sition. tliis inclina- 
tion to the right tends to he further nentralize<l by the increased forward 
thrust of all the viscera (following the increased .‘;acrolnnihnthnracic 
anterior convexity which is due to the extension, adduction and inward 
rotation of the lower extremities), and also hy the visceral pull being 
directed more and more downward and forward as the direction of 
gravity becomes more and more cephalocaudad ; the increased forward 
thrust now makes all the viscera .still more responsive to gravity and 
they tend more and more to fall downward, forward and mediad 
(fig. ^D). 

The sagging to the right (right lateral version) seems to he deter- 
mined hy the weight of the larger right lobe, and it seems to he more or 
less operative in all relaxed positions and to he conveyed to the left lobe 
till checked by the falciform ligament. Aside from this sagging to the 
right, the first step in ptosis of the liver due to insufficiently antagonized 
gravity is a forward rotation (anteversion), and when the abdomen is 
opened its degree is plainly marked hy the appearance of the whitish, 
sodden, peritoneal surface which in the supine position had been in pro- 
longed contact with the domes of the diaphragm. In its descent, the 
right lobe tends to he retarded hy the right kidney and hy the right half 
of the transverse colon and to come to rest with its lower edge on the 
small intestine (especially if the latter is distended), the hepatic flexure, 
the sustentaculum hepatis when present, and, perhaps, the adjacent 
ascending colon. The left lobe appears to he less firmly attached than 
the right and more easily displaceable, though following similar paths 
of anteversion and movement to the right, progress in the latter direc- 
tion meeting evident limitation at the falciform ligament (fig. 1, B, C 
and D). 

Backward rotation of the liver (retroversion) occurs whenever the 
posterior portion of the organ is depressed from above or whenever 
the anterior portion is elevated from below. It is one of the changes 
which may occur in the second, or diaphragmatic, type, of ptosis en 
masse, ^ and it may occur temporarily, at any time, as the result of exces- 
sive distention of the intestines or stomach. In experiments here made, 
it has been the only factor found capable of lowering the first portion of 
the duodenum and its connection with the antrum, so as to produce the 
so-called tubular type of stomach (fig. 4B). 

Ptosis of the liver (especially the forward movements of rotation 
and descent) is antagonized directly by competence of the upper part 
of the abdomen, hut if the lower part of the abdomen is incompetent, 
the downward movement may continue with its resulting traction 
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mr. f ,1^ ^ f ^ """ J»asse>). On the other hand, if the lower 

1 .ut of the abdomen ,s competent and the upper part, incompetent, the 
downward moyemcnt tends to be modified and the forward movement 
cmj)hasizcd, with resultant modification of traction (on the diaphragm, 
(lie thoracic viscera and the wall of the body) and pressure, the forward 
movement making toward epigastric projection and expansion of the 
subcostal angle (diaphragmatic type of ptosis en masse ^). 


W hen tlic iibcr is lifted, upward traction is made on all the abdominal viscera, 
and in a contrary sense, all the abdominal viscera thus have a potential capacity 
for traction on the liver. Tlie most fi.ved portion of the liver is posteriorly where 
the inferior vena cava is attaclicd to it, and just below the point at vvhicli this 
large vessel iienctrates the diaphragm to enter the right auricle. Hence, this is 
tlic ultimate point of resistance in ptosis of either type which affects the liver. 


Lungs . — In ptosis of tiie lungs, these organs descend b}' elongation 
or other changes in shape, as the thorax shares in the changes in body 
form and in tlie action of the diaphragm due to ptosis en masse. 

Alwa 3 ’s filling the closed pleural cavities in which they lie free, the 
lungs expand in all directions from their anchorage at their hili, 
according as the enlarging movements of their limiting parietal boun- 
daries permit, these boundaries being the thoracic cage and the dia- 
phragm (fig. 3 C). 

Hence, the descent, retraction, flattening, elongation and changed 
action of the boundaries which have been demonstrated as the result of 
the first or gravity type of ptosis en masse mean the descent, retraction, 
flattening, elongation and changed action of the lungs (fig. 3, compare 
D with E compare with fig. 3, fi, in a preceding paper . Similarly, 
the descent, flattening, broadening, shallowing and forward projection 
of the diaphragm, the increased anteroposterior diameter of the thoracic 
cage, with increasing downward and forward obliquity of its axis, and 
the changed action of these boundaries, which have been demonstrated 
as the result of the second, or diaphragmatic, type of ptosis en masse, 
mean corresponding changes in the position, shape and action of t ic 

lungs (Victor,^ fig. 4, c). • i i • 

These changes in the surroundings of the lungs explain why t 'cir 
ptosis may not be confirmed by percussion of the parietes, since, as t lese 
organs descend, the enclosing parietes also descend. In this 5*^“ 
left lung and the left dome of the diaphragm appear to descen 
readily than the right, this change seeming to be related to tl 
ready descent of the left lobe of the liver (fig- 1, compare 
in B, C and D with that in A). , 

Heart. — In ptosis of the heart, this organ tends to 
and from left to right toward the median line, the apex ca 
Tortioro the righ? of the me-Jian line also n.ov,„g n,c<hatl. 
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Lying fvee in the closed and fixed ])erie.'ivdinni, the lieavt has its 
anchoi'age in what might almost he called its hilns. which consists of 
its continuing afi'crcnt and efferent vessels and nerves. 1 he jicricar- 
dium is broadly attached to the central tendon of the diaphragm and 
is continued upward for a sliort distance on tlie large vessels at the base 
of the heart, being continuous also with the hili of the lungs, and with 
the vipward continuing structures of the mediastinum and its other 
viscera. The central tendon of the diajdiragm is the highest iiortion of 
this muscle, and it gives the impression of being held u]-) by the media- 
stinal tissues even when the lateral domes fall lax and descend (fig. 3, 
and E). Both the central tendon and the mediastinal tissues arc very 
firm in their consistenc}', and they stretch or fall only under the innucnce 
of great stress, showing comparatively slight change even when the lungs 
and heart show profound changes. This degree of stress seems to 
develop as the thorax retracts, narrows and elongates in ptosis cn 
masse. 

The left dome of the diaphragm is lower than the right, and it also 
tends to descend more easily, and under the stress of ptosis cn masse 
the left side of the heart, which is also the freer portion, tends to fol- 
low it, the apex leading (fig. 3D). As the ptosis progresses, the heart 
rotates, as it were, from left to right and from above downward, on its 
fixed mediastinal base, appearing more and more elongated and nar- 
rowed, and suggesting a tubular shape. At the same time, the heart to 
the right of the median line similarly retracts, but a little from right 
to left, toward the attached base (fig. 3, compare D with E). The 
heart also tends to fall backward, the retracted and narrowed chest 
walls, which narrow the posterior planes as well as the anterior ones, 
tending to antagonize and make more difficult not onl}' the backward 
expansion of the lungs, but also the mediad expansion of the posterior 
margins, the latter expansion normally pushing and holding the heart 
forward in the chest, as especially shown on the right side in fig. 3 E. 

The degree of traction and stress exerted progressively through 
these changes on the cavities of the heart and on its afferent and efferent 
vessels is evident. Less evident, but just as definitely to be traced, are 
the traction and stress on the hili of the lungs and on all the connected 
and related viscera and tissues which extend upward, that on the thymus 
and its connections showing particularly clearly in fig. 3 D. 

SUMMARY 

1. The fundamental step in splanchnoptosis is incompetence of the 
abdominal walls, due to failure in the development or coordination of 
the complex reflexes through which the muscles of these walls support 
the viscera by antagonizing gravity, overdescent of the diaphragm and 
persistence of the vestigial binding of the extremities to the trunk. 
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2. a he next stc]) is forn-ard projection of the viscera and shallowiiKT 
of he paravertebral fossae. This forward projection of the viscera 
marks the preparatory stage of splancii noptosis. The next step is the 
essential stage of descent of tlie viscera and of traction on their inter- 
visccral and parietal attachments, on tlieir nen^es and blood and lymph 

esscls, and on the related bod}- walls. All changes in position of the 
\'iscera cause corresponding changes in the body form. 

3. 1 he viscera ina}’ be displaced en masse, or individual!}" or in vary- 
ing combinations. No organ or structure is exempt, but the most easily 
displaceable individual viscera are the kidneys, the stomach, the redun- 
dant portions of the colon, the liver, the lungs and the heart. 

4. ^Vlien the kidneys and suprarenals are projected forward, they 
enter on the lumbo-iliac inclined planes which furnish direct and inviting 
paths for descent. As the kidney's descend, they separate from the 
suprarenal glands, the intervisceral attachments elongating and making 
traction on the suprarenal glands which, themselves, elongate but remain 
fixed. Traction is also made on all the structures of the hill. 


5. The distending stomach normally finds a descending oblique plaiie 
U’hich guides it downward, forward and to the right, though its fundus 
remains under the left I'anlt of the diaphragm. Ptosis occurs to a 
greater or less extent along the same path, but continuing descent causes 
elongation of the body' of the stomach, the lower part of this portion 
descending below the antrum which remains high, thus developing the 
characteristic pipe bond shape. 

6. The movable part of the first portion of the duodenum tends to 
share in the movements of the antrum, and it way undergo traction, 
pressure, kinking, torsion or obstruction. 

7. The spleen tends to descend with tire stomach and to elongate, its 
lowest portion becoming tongue-shaped and extending downward and 
forward on the splenic flexure. 

8. The transverse colon is ahvay's more or less redundant, forming 
one or more loops. When the loops are unfolded, they tend to descend, 
to exert traction on their attachments and to cause kinking and stasis at 
their angles. Even a moderate descent may cause traction on t ie 
stomach, the first portion of the duodenum and the neck of the ga - 


bladder. 

9. The liver remains under the right vault of the ^ i 

within the limits of its attachments, it is subject to foru'ar ac 
and lateral rotations. When the traction on f 
limitations, its tissues yield, and it becomes wholly oi part . 
gated or otherwise modified in shape. 
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10. The lungs always remain attached at their hili hnt de.seeiirl hy 
elongation or by other changes in shajie. as tlie tliorax sliares in the 
changes in body form and in the altered action of the dia]i!iragm due to 
ptosis en masse. 

11. The heart, through the pericardium and the other firm medi- 
astinal tissues, remains attached to the structures at its base, hnt it tends 
to rotate downward, and from left to right, toward the median line, the 
apex leading, and the portion to the right of the median line also moving 
mediad. 



INI<LUJi.XCE OF CONGESTIOA’ ON TUBERCULOSIS 
0. R. HYNDMAN, M.D. 

AND 

HARRY LANDT, M.D. 

lOW'A CXTV 


About Jiinct}' 3 'ears ago Rokitaiisk)^ ^ observed a marked incon- 
s]>iciiousness of pulmonar)’’ tuberculosis in passively congested lungs. He 
asserted that diseases of the heart and of the blood vessels producing 
passive congestion of the lungs are a prevendh^e of phthisis. How these 
observations led Bier to introduce as a therapeutic measure the artificially 
produced passive hyperemia that now bears his name is a matter of 
history. 

Since the reports of Rokitansky, man}' able clinicians have been 
impressed by the favorable influence on tuberculosis of cardiac or 
pulmonary diseases which invoke passive congestion. They likewise 
have been impressed by the unfavorable influence of diseases which 
are associated with hyperventilation of the lungs. Among those who 
have made definite comment on these phenomena are Osier, Weiss, ^ 
Walsh,® Fishberg.^ Hoffmann,® Briigelmann and Sewall.® Certain patho- 
logic states, such as mitral stenosis and cardiac decompensation, are 
definitel}' associated with chronic passive congestion of the lungs. Weiss 
expressed the opinion that in mitral stenosis pulmonary tuberculosis is 
infrequent as a result of the venous congestion. Fagge’s postmortem 
record shows 4 cases in thirty years, and according to Kidd’s statistics 
the incidence of miti'al stenosis in tuberculosis is 1 in 500. Walsh 
observed that cardiac decompensation and active tuberculosis do not 
develop concurrently. 

Certain pathologic states, such as pulmonary stenosis and hyper- 
thyroidism, are provocative of a situation in the lungs which is the 
opposite of congestion — that is, hyperventilation. Osier stated that 
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all forms of congenital heart disease, particularly ]mlninnary stenosis, 
predispose to tnbercnlosis. It has been observed that tuberculosis has 
a very unfavorable course in exo|)btbalniic goiter. 

Rokitansky thought that pulmonary emphysema and tuberculosis 
maintain a relationship of mutual exclusion, and lirugelmann fell that 
a person with asthma is immune to tuberculosis. Reports of cases 
have been made in more recent times, however, which lessen the strength 
of these two opinions. j\Ialonc,' though stating that bronchial asthma 
coexisting with tuberculosis is relatively infrcciucnt, reported: that in 
157 cases of bronchial asthma, 18 per cent of the jwtients had tubercu- 
losis as shown by roentgen examination, though there was no mention 
of the activity of the lesion (Manges and Hawley) : that in 20 cases of 
asthma with tuberculosis, the sputum gave positive reactions in 10 
(Poliak), and that in 189 cases of asthma, .5 per cent of the patients 
showed tuberculosis (Unger). There is some dispute, however, as to 
whether pulmonar\' emphysema and bronchial asthma are always pro- 
ductive of or associated with passive congestion of the lungs. 

In tuberculosis of tissues other than the lungs. Bier’s congestive 
hyperemia is believed to be beneficial. Its use, particularly in tuberculosis 
of the joints, skin, bones and thecae of the hand, is advocated in modern 
textbooks on surgery. Laennec felt that tubercles and cyanosis are 
antagonistic. Though great benefit and sometimes a cure have been 
attributed to the congestion, no adequate explanation has been made for 
the phenomenon.® 

Thus an experimental problem presents itself concerning the influence 
that chronic passive congestion may exert on the initiation and progress 
of tuberculosis. Since the favorable influence which has been observed 
clinically has been attributed to increased carbon dioxide concentration, 
it is within the province of such an investigation to determine the effect 
of varying concentrations of the commoner atmospheric gases on the 
tubercle bacillus in vitro. 

We have been able to find only two references to animal experi- 
mentation on this subject, that of Levinson and Peterson and that of 
Corper and Goldberg, to which we shall refer in the report of our work 
with guinea-pigs. 

Though ligation of the pulmonary artery has been done in human 
beings as well as in experimental animals," no one, to our knowledge, 

7. Malone, J. T. : Bronchial Asthma and Tuberculosis, U. S. Vet Bur M 

Bull. 4:222 (March) 1928. ' ' 

8. Da Costa, J. C. : Modern Surgery, General and Operative, ed. 8 Philadel- 
phia, W. B. Saunders Company, 1919, p. 260. 

Thoracic Surgery, Philadelphia, W. B. Saunders Company 
1925, vol. 2, p. 484. Bruns: Beitr. z. Klin. d. Tuberk. 24:253, 1913. 
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Ijas tried ligation of veins as a therapeutic or experimental measure 
Ai tei la! hgation is rcjiorted to have little or no influence on tuberculosis^ 
_ We feel that information on this problem not only is important 
m connection with a possible application in the surgical treatment of 
pulmonary tuberculosis but is pertinent to a consideration of the 
fa\oiab!c factors attending' puhnonaiy collapse. 


CULIUKlr. OF THE TUBERCLE BACILLUS IN VITRO WHEN 
SUBJECTED TO VARYING CONCENTRATIONS OF 
OXYGEN, CARBON DIOXIDE AND NITROGEN 

In 191S, ^^'hen■y and Ervin observed and performed several 
experiments to show that the growth of a culture of the tubercle bacillus 
was completely inhibited when carboii dioxide was absent. The carbon 
dioxide was removed by sodium hydroxide to which the culture tube 
was connected. Thej^ observed that concomitant with the growth of the 
organism the supply of oxygen in the culture tube was depleted, but 
there w'as usuall}’- enough oxygen in a small closed test tube to yield a 
confluent la 3 'er of growth. During the growth, carbon dioxide was 
elaborated. When they subjected a culture to 13 per cent carbon dioxide 
in one tube, no groivth u^as obtained. 

In 1921, Corper, Gauss and Rensch,^- considering these findings 
significant, extended the studies. They observed that 3 per cent carbon 
dioxide caused some inhibition of the growth of tubercle bacilli and 
that 15 per cent was tuberculocidal. They confirmed the fact that the 
bacillus fails to start initial growth in an atmosphere free from carbon 
dioxide. Cultures of tubercle bacilli were buried in the tissues of living 
animals and so arranged that the author felt that the gases in the tube 
would come into equilibrium with those in the tissues. The latter were 
controlled by buried tubes to which atmospheric air was allowed ingress. 
The completely buried cultures were inhibited as compared to tlie con- 
trols. They found that in a closed tube after the carbon dioxide 
elaborated by the growing bacillus reached a concentration of 5.5 per 
cent growth u'as inhibited. On the basis of these results they felt that 
the concentration of carbon dioxide normally existing in the human bo } 
is sufficient to inhibit definitely the growth of tubercle bacilli and t lat 
this factor is extremely significant in resistance to the disease. 


10. Van Allen, C. M. ; NWl, G. L., and Tuttle, William: Lung Changes 
After Occlusion of Pulmonary Artery Branches by Embolus and by Ligatur , 

J. Biol. & Med. 2:363 (May) 1930. - r- nio^cide for 

11. Wherry, W. B., and Ervin, D. M.: The Necessity of Carbon Dioxitle 

the Growth of B. Tuberculosis, J. Infect. Dis. 22:194, 

12 Corper, H. J.; Gauss, Harry, and Rensch, O. B.. Resistance 
Insist A Nomlmmunologic Chemical Factor Worthy of Consideration. J. A. A 
76:1216 (April 30) 1921. 



HVXD}!.L\--I..iXDT-CO.\GIiSTIOX .iXI) TVItliXCrUhSIS (.H7 

In 1925, Novy, Rodim. Soule :uk1 Xovy. Jr..’’ carried out detailed 
and elaborate experiments iu the study of microbic resiiiratioii with a 
direct application to the tubercle bacillus. A known strain of bumau 
Bacillus tuberculosis was used. The culture medium was an attar base 
with glycerin, de.xtrose or serum. 

Some of the results obtained were as follows; 

1. From 100 to 150 cc. of oxygen (or its cqtiiv.aleut. from 500 to 
700 cc. of air under normal cultural conditions) must be iirovided in 
order to obtain a rich growth. The yield of carbon dioxide was .slightly 
less than the amount of oxygen consumed, as much as 1 50 cc. of carbon 
dioxide being produced by a single culture. When the bacilli were 
grown on glycerin agar, the respiratory quotient (corrected) was 0.836. 

2. In an ordinary closed culture tube the oxygen was removed in 
a few days by the inoculum, and no visible growth resulted. ('J'here- 
fore in an effectively sealed tube absence of growth or slow growth 
means an insufficient supply of o.xygen.) When all of the oxygen (20.9 
per cent) was consumed by the culture the carbon dioxide yield reached 
17.5 per cent. Thus, as the respiratory quotient was less than 1 and 
some carbon dioxide was dissolved in the medium, considerable negative 
pressure was developed. 

3. Growth occurred with any oxygen concentration, the optimal 
value being from 40 to 50 per cent. \Yith a concentration of 100 per 
cent, growth developed as isolated, thick, moist, white colonics which 
at the end of fifty-eight days were infective. At a very low oxygen 
tension the growth was retarded but continued until “the last atom 
of oxygen was consumed.” 

4. In atmospheres containing from 10 to 50 per cent of carbon 
dioxide growth was not inhibited. When the concentration of carbon 
dioxide was 60 per cent or more, there was some inhibition, but fair 
growth was obtained in 90 per cent carbon dioxide. A culture which 
developed in from 85 to 96 per cent carbon dioxide for fifty-nine days 
was viable and infective. 

5. Continued removal of carbon dioxide from the culture tube by 
alkali did not stop growth. The experimenters felt that any inhibition 
under such conditions was due to desiccation by the alkali, since moisture 
is an important factor in securing rich and even growths. 

On the basis of these results, the conclusion was drawn that the 
slow multiplication of the tubercle bacillus in the body is explainable 
from the standpoint of growth in the presence of diminished oxygen 
tension. An indefinite supply of oxygen under a tension corresponding 
to a few millimeters of mercury will probably enable the organism to 

13. No^T, F. G. ; Roehm, H. R. ; Soule, H., and R'ovj', F. G Tr • T Tnfert 
Dis. 36:109 and 343, 1925. ' 
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gro-iv, though very Rest and a rich diet in cl^ecking the progress 

01 t\c disease probably act by reducing to a minimum the available 
0 X 3 'gcn supply in the tissues. 

U]) to tin's time the results of these tiro invcstigRtions had stimulated 
aulliors to place emphasis on entirely different phenomena with regard 
to the innuence of atmospheric gases on the tubercle bacillus. Corper 
emphasized the inhibiting influence of carbon dioxide while Novy empha- 
sized the inhibiting influence of an atmosphere poor in oxygen. 

In 1927, Corper and his co-workers^'* observed that in their experi- 
mental animals the lungs irere involved to a greater extent after the 
intravenous administration of tubercle bacilli than were other organs, 
particular!}' the lii’er. In attempting to find an explanation for this 
on the basis of gaseous tension, he repeated and modified his former 
in vitro work. The sealed test tube method was abandoned, and the 
gas mixtures ivere arranged to flow constantl}' over the cultures from 
large feed tanks. By this method Corper observed no inhibitory effect 
of carbon dioxide on the cultures until a concentration of 54.5 per cent 
ivas reached. On the contrary, concentrations of carbon dioxide greater 
than that in air and as high as 14 per cent seemed to have a stimulating 
effect on growth. Oxygen was again found necessary for growth, and 
cultures were inhibited in very low concentrations. No growth was 
obtained in 0.1 per cent oxygen in six weeks. Cultures were then sub- 
mitted to atmospheres the gaseous composition of which was that of 
alveolar air and that of mixed venous blood. The figures for mixed 
venous blood were taken from L. J. Henderson and were: carbon 
dioxide, 47 mm. tension (7.48 per cent), and oxygen, 35 mm. tension 
(5.57 per cent). For alveolar air they were: carbon dioxide, 40 mm. 
tension (6.37 per cent), and oxygen, 100 mm. tension (15.94 per cent). 
The tubercle bacilli grew better in the atmosphere of alveolar air than 
in the gases of mixed r'enous blood, and tlnis Corper felt it fair to 
assume that they should grow more rapidly in the lungs than in the 
spleen, kidneys and bone marrow and in all tliese organs more lapld!) 
than in the liver. 

He stated further that conditions wliich can change the oxygen 
tension in tuberculous foci from 0.7 to 3.8 mm. may be sufficient to 
change a quiescent focus into progressix'e disease. One of the nios 
important single factors influencing the o.xygen tension is tiie hyc rogen 
ion concentration of the blood by its effect on the dissociatio 
oxyhemoglobin. Fatigue and starvation cause an increase, win c rc. 
and nourishment cause a decrease, in available oxygen m t ns ua}. 


H. L„ri=, M. B., U,y. K.o: T.,e 

tion o! Tnberedos.'s in the Organs jJ.io,,, Am. Rm. 

Of the Growth of Tubercle Badlli as Defermmed In Ga.wou- 

Tuberc. 15:65, 1927. 
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At livsl wc were led to believe that llie inliibilion nl f)ur collvires 
in scaled Udws was due to hi^h concentralinns of earhon dioxide, but 
further experiineuts proved conclusively ibal this was not tbe case. 
Our results bear out the conclusions that oxyi;cn must he avatlahle 
or the growth will cease and that concentrations of carbon dioxide as 
high as" 38 per cent will not materially inhibit tbe growth. ;\ small 
amount of carbon dioxide is necessary for initial growth to take ])lace. 

The virvdent Gluckson strain of B. tuberculosis was used in the 
in vitro and in part of the animal ex))eriments.’-' We used Cori)er’s 
gentian violet-giyccrin-potato medium for fill in vit ivi e.xperiinciits' and 
subeultures. 



Fig. 1. — By manipulating the threeway stopcock (C.), mercury is drawn up to 
the capillary mark in the neck of the graduated mi.xing cylinder (it/.C.) by means 
of the mouthpiece {M.P.). The desired gases are then allowed to flow in through 
G., the mercury levels in the chamber and the reservoir being kept equal while 
readings are taken. With stopcocks E. and C. closed and A. and B. open, the 
gas in the culture tube (T.) is sucked through S', until a near vacuum is 
produced. This is indicated when the vacuum manometer (F.M.) presents equal 
mercury levels. (A water suction pump will fail to produce a complete vacuum 
by at least the vapor tension of water, but for our purpose this was negligible.) 
With A. closed and B. and C, open, T. is filled with the mixture. The gas 
in T. is again sucked out, and after two or three such washings the tube is finally 
filled with the mixture under atmospheric pressure and the capillary neck quickly 
sealed with a hot pencil flame (F.). 


IS. The Gluckson strain of B. tuberculosis was supplied to us by H. J. Corper, 
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EXPJERIJtEKTS 

After inoculation of the potato medium contained in 1 by 10 inch 
test tubes, the necks of the tubes ^rere pulled out so that they fitted 


Table 1 . — Results of Expcriuienfs A, B and C 


Experiment A 

Diilo of inoeiilntion; 30/J2/31 Ente of seaiing-; JO/12/31 Tubes opened: 12/7/31 


Xltrogcn, 

Carbon Dioxide, 

Growth After 

per Cent 

per Cent 

30 Days* 

99 

1 

0 

9S 

2 

0 

97 

3 

0 

90 

4 

0 

93 

5 

0 

93 

7 

0 

85 

15 

0 

TO 

30 

0 

50 

SO 

0 

100 

0 

0 

Control 


4- 4- 4- 4- 


Experiment B 

Dnte of Inoculation: 10/12/31 Date of sealing: 10/12/31 


Comment 

After six iTecis. the tips 
of the tubes were 
broken, and the cultures 
were incubated for 
anotlicr six weeks in 
free cominiinicntion with 
air; the medium became 
too dried out to be of 
anj- value tliough growth 
bad developed iu the 
tubes containing T and 
13 per cent carbon 
dioxide 


Tubes opened: 12/7/31 


Oxpgen, 
per Cent 

2 

a 

10 

60 

To 

95 

100 

Control: Medium became 


Xitrogen, 
per Cent 

Growth After 
50 Days 

Growth After Cmmnunica 
tion with Air (0 Weeks) 

f 

4-4-4- 

4-4- 

P 

93 

95 

90 

0 

Trace 

0 

50 

0 

f 

25 

5 

0 

0 

f 

© 


too dried out to be of any value 


Date of inoculation; 9/11/31 
Date of sealing: 9/U/31 


Experiment C 

Tips of tubes broken and cotton stoppers 
inserted: ii/lO/Sl (00 days) 


Oxygen, 
per Cent 

0 

50 

70 

SO 

85 

91) 

95 
90 

96 

97 
97 
9S 

es 

99 

99 

100 

Air 

Control 


Carbon Dioxide, 
per Cent 

100 

50 

30 

20 

13 

10 

5 

1 
4 
8 
3 

2 

0 

1 

I 

0 


Growth After 
CO Days 

0 

+ 

-h-b 

+ 

0 

0 

+ 4- 

+ + 

+ + + 

+ + + 

+ + 

+ + + 

+ + 

0 

+ 

0 

4-4- 

-f-f -b-b 


Growth After 

tion with Air (0 \lcck^) 

0 

4-4-4- 
-b-b4- 
4-4-4- 
+++ + 

4- 4-4-4- 
-b-b-b 
-b-b 
-b-b-b-b 
-b-b4- 
-b4-4" 

+ + + + 

4-4-4- 
4-4-4- 
4-4-4- 
4- 4-4-4- 
+ + + 


from -? ?0 +++-b the latter being maximum. 

tightly in a piece of ordinary suction 

was designed for the evacuation of the tub s- Th^ - 
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for at least six weeks. (A cieliuitc error nmst he admitted in the mixing 
of the gases, hut this did not prove to he of relative importance nnder the 
circumstances of the experiment.) 

The results of experiments A. If and C are .shown in table 1. 
The best growth was obtained in from 2 to 5 ]ier cent carbon dioxide. 
After subsecpient exposure to air for six weeks, only the tube containing 
lOO per cent carbon dioxide failed to .show growth. In all of the tubes 
except the one containing air the bacilli grew in isolated, large, umbili- 
cated colonies. Sometimes abundant growth occurred in the fluid at 



Fig. 2. — Photographs of cultures in high o.xygen tensions, showing the char- 
acter of growth in large, isolated, crater-like colonies. The abundant growth in 
the fluid at the bottom may be seen in the tube containing 97 per cent o.xygen and 
3 per cent carbon dioxide. 

the bottom of the tubes (fig. 2). Nov}^ obtained the .same result 
in high concentrations of oxygen and since such a characteristic growth 
does not occur in any concentration of carbon dioxide when the oxygen 
tension is low, we feel that it can be attributed to high oxygen tension. 

Experiments D and E (table 2) indicate an unexplained irregularity 
in results when the gas mixtures are imposed on cultures which have 
already attained an initial growth. The only explanation that we can 
offer for this is that organisms which have already attained a growth 
cannot adapt themselves to sudden marked changes in gaseous tension. 
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When tlie tips of the tubes were broken, our attention was called 
to the negative pressure which had developed in some of the tubes. We 
then measured the negative pressures and found that they ranged 
to as low as — 72 nun. of mercury and were lowest for the cultures 

Tadi.k 2. — Results of Experiments D and E 


JJ.\-periiiicnt n 

Onto of inociildtton: 10/12/31 

ViirluK t)io tno HWirs hctorc sealinp, nil of the cultures presented a tine granular 
groutli evenly (llslrltJiited over tlio surface of the potato medium 
Onto of scnIlnE: 10/2C/31 


O.xygen, 

Cnrtion Dioxide, 

Nitrogen, 

Growth After 

per Cent 

per Cent 

per Cent 

53 Days* 

75 

0 

25 

# 

G5 

0 

S5 

# 

23 

1 

79 

H- 

00 

2 

70 


20 

4 

70 

# 

IS 

0 

70 


1C 

8 

70 


14 

10 

70 


Control, evacuated, filled witli air and scaled.... 
5 controls, unsealed 


. +++ 

, 4"f4*+ 


E.vper/ment E 

Two scries of cultures ivcre used. In one series groutli ung 
etelitcen days heiorc scaling, in the other, the tubes wero 
inoculation. All tubes were sealed nt the same time so that 
could bo used in corresponding tubes 


nllotved to develop for 
scaled on the day ol 
the same gas mi.vture 


Date of inoculation., 
Soalod 


O.vygen, 
per Cent 

100 

0 

99 

oa 

95 

94 

92 

90 

SS 

so 

70 

SO 

25 

Air 

Control 


Carbon Dioxide, 
per Cent 

0 

100 

1 

4 

5 
G 
8 

10 

13 

20 

30 

SO 


Series A 
1/30/32 

Growth After 
C Weclfs* 

+++ 

a 

+++ 

It 

• 4 + 

Ceased growing 
+ + 

+ + + 

+ 4- -f 
+ + + 

+ + + 

# 

tt 

+ 4*4- 
+ + + + 


Scries B 
2/1T/32 

2/11/33 

Growth Alter 
0 Weeks 

0 

0 

+ + + 

++ 

+ + 

+ 4" 

4- + -f' 

+ + 

0 

0 

0 

0 

+++ 


• , Indicates tlint the eroirth tnrncd hlaet h 

g3r?„ss./*"f a£s — 

active growth after transplantation. 

siwing the titost eh..,itla„t giw.h. There 

pressure in the tubes showing no growth. (No 

kr temperature, but the negative tensions were o ^of^^a i 

to the small differences of temperature at ,vas 

fore concluded that the capacity o( even a 1 In 1 ,^,^ 

nuSi too amall to warrant any conch, hive mtcrprctat.oi. tact, 
ivhich did not present even an initial growth. 
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Fig. 3. — A gallon jar fitted with a mercury manometer (3/.) and a i-amiding 
tube drawn out in two places (A. and B.)- The Haldane sampling bottle is fitted 
by mercury-filled rubber tubing to A. By breaking A. within the lube, the saTiiple 
could be taken, after which the sampling tube was sealed at B. Paraffined rubber 
stoppers proved to be an effective seal for these bottles. At the conclusion of llie 
experiment another sample was taken in a similar manner at B. 



Fig. 4.— Method of sealing gallon jars with a mercury manometer (il/.). The 
piece is attached (F. to F.) to the original apparatus. 
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VVe then ])lanted small cnltures in sealed gallon bottles (fig. 3). 
le bottles were fitted with mercury manometers and glass tubes from 
which samples of the gas could be drawn for anal 3 ^sis at the beginning 
and at the end of tlie experiment. The bottles were evacuated through 
the manometer tube, filled with the desired gas from the mixing 
chamber and sealed by dropping mercury into the manometer. To 
accomplish this the ajrparatus shown in figure 1 Avas modified by adding 
the piece shown in figure 4 and by suppl 3 'ing a 2 gallon mixing chamber 
using water as a displacement fluid. TJie results of this experiment are 
shown in table 3. 

As an added experiment to show whether retarded growth in sealed 
tubes was due to accumulated carbon dioxide or to lack of ox 3 gen, we 
devised the apparatus shown in figure 5. The bottle was filled with 
pure ox 3 'gen at a tension about 20 mm. greater than atmospheric pres- 


Table 3. — Results of E.rpcriDieut F 


Date of inoculation: l/2'/32 One culture in a standard bactcriologic test tube 

Date of sealing: llillii was placed in each gallon jar 


Oxygen, per Cent Carbon Dio.xidc, per Cent Growth .After C Weeks 

100 0 0 
95.7 4.3* + + + 

02 3S* + + + + 

Air + + + 

Control ++++ 


* Analysis of a sample of gas from a bottle (Haldane apparatus). Gas was wltlidra'in 
from the bottles until the manometer columns showed the pressure in the bottles to be 
by 20 mm. of mercury than atmospheric pressure. There iras no appreciable change ironi iiiK 
reading in any of the botties throug/iout the six weeks, eliminating the possibility oi icnhni, . 


sure. Cultures were planted and sealed on each end of the T tubes 
(the culture tubes initially containing air) so that from time to time, 
b}^ giving the stopcocks a turn, an adequate supply of oxygen vas 
assured. We assumed that under these circumstances the accumulated 
carbon dioxide Avould not escape into the bottle. This was verified !>} 
analyzing the gas in the bottle for carbon dio.xide before and aftei 
the experiment. Cultures sealed with paraffined stopjiers and open 
cultures were used as controls. 

The growth in the experimental tubes and in the open tubes a ei 
six weeks was equal in amount and was designated b 3 ' -}“ I " 
that in the paraffined tubes Avas less in amount, being about ++• 

In the course of the experiments we were greatly impressed n 
aerobiosis of the tubercle bacillus. This has been commented oni> 
others, but we feel that it is cleserrdng of considerable 
ticularly is this true for those who are using the cultiira m 
diagnostic procedure. The capacity of the ordinary bac end 
tubf is small, and the content being air. only a small amm ^ 
will be aA’ailable. While not always successful, an attcmi ^ ■ - 
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made to seal such tubes completely in onler to i)revent the medium 
{rom drying out. In some tubes the scaling will he complete, and if 
so the cultural conditions will he far from the best obtainable. \\ e 
have found the following alternative method simiile and satisfactory; 
A beaker or other receptacle is jdaced in a large-mouthed jar con- 



Fig. 5.~A gallon jar containing 100 per cent o.Kygcn under slightly greater than 
atmospheric tension. By a single turn of the stopcocks every one or two days, 
any reduced tension (depleted oxygen) in the culture tubes was replaced with 
oxygen. 



Fig. 6. — A large-mouthed jar with a cotton plug and cotton in the bottom kept 
saturated with water. Culture tubes kept in such a jar may have free communica- 
tion with air without danger of the medium becoming dry. 

taining some cotton well saturated with water (fig. 6). A large cotton 
stopper is used to plug the bottle. Under these conditions, cultures 
on potato or glycerin agar when kept in the beaker need be stoppered 
only with cotton. Many of our cultures were left open. An adequate 
supply of oxygen is thus assured, and the medium has no tendency 
to dry out as long as the cotton in the jar is moist. 
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CONCLUSIONS 

_ 1. In vitro experiments show conclusively that carbon dioxide in 
sigm leant concentrations does not inhibit the growth of the human 
tujcrcle bacillus. On the contrarj^ a small amount is necessary for 
the beginning of growth. Concentrations such as are found in alveolar 
an oi in venous blood seem to have a stimulating effect. 

2. Ihe tubercle bacillus will not groiv in the absence of oxygen. 
Cultiues grow considerabl}' better when allowed free communication 
with air than when air-containing tubes are sealed, and a simple and 
satisfactoi}' method of accomplishing this for the routine or diagnostic 
culture is suggested. 

3. Therefore, so far as in vitro experiments indicate, increased 
carbon dioxide tension is not responsible for any beneficial effect that 
ma}’’ be attributed to congestion. 

4. The availability of oxygen is a highl)'^ significant factor in the 
growth of the tubercle bacillus. 


INFLUENCE OF CONGESTION ON TUBERCULOSIS OF 
TISSUES OTHER THAN THE LUNG 


Corper and Goldberg reported that by constriction of the ear of 
a rabbit with a rubber band the carbon dioxide content of the plasma in 
the congested portion was increased from 10 to 20 and even 50 per cent. 
Following the intradermal injection of tubercle bacilli, the local develop- 
ment of tubercles was retarded, and ulceration ivith discharge of the 
contents occurred earlier than in the noncongested auricle of the same 
animal. There was no effect on the development of multiple metastatic 
lesions when bovine bacilli were used or on involvement of regional 
lymph nodes when human or bovine bacilli were used. 

Levinson and Peterson reported that there is no striking difference 
grossl}^ between the passii'ely congested liver of a rabbit and the luer 
of a control animal as to quantitative distribution or size of tubercles. 
Histologically, they found a greater deposit of fibrous tissue around and 
within the tubercles in the passivel}'’ congested livers. Passive congestion 
was induced by injecting 0.5 cc. of liquid petrolatum intravenous } 
twice a week for one month. 

We feel that the problem of congestion and tuberculosis is importan 
enough to justify more investigation. We do not feel that a mar '« 
degree of congestion was definite!}^ enough demonstrated in 
and Peterson’s rabbits. It should also be remembered that 
introduced into the blood stream plugs the capillari- bed it ui 


iTc^r, H. J., and GoJdberfi', Max: Am. Rev. of 

17. Levinson. S. A., and Peterson. W. F.: Effect of 
the Liver on Tubercle Formation, J. A. M. A. 81;/-3 (Sep. 
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a forcic;!! body and may itself l)e rcsix)nsii)lc for any variance in the 
tuberculous histologic picture, such as increased (iiirosis. I’arlicularly 
is this true since passive congestion per sc is not ]M‘oductive of fibrous 
tissue. 


For a study of the present problem to be in any way conclusive, 
two fvmdamcntal prcreciuisitcs must be satisfied: I'irst. the tuberculosis 
in the controls must prove to be progressive, and second, the conges- 
tion of the organs should be as free as ])Ossiblc from complic.ating 
factors. In fulfilling the first jiostulatc, our choice of experimental 
animals was limited. We made a sjieci.al effort to apply our studies to 
the guinea-pig because of its definite and uniform susceptibility to human 
tubercle bacilli. We also attempted to use the lungs of the dogs, and 
our results with this animal will be given at a later date. 

In fulfilling the second postulate, wc produced chronic passive con- 
gestion by complete or partial venous ligation. 

We would stress the first postulate, namel)', that the tuberculous 
lesion must prove to be progressive in the controls. Much of the experi- 
mental work which has been done to test the influence on tuberculosis 
of possible therapeutic devices, whether biologic, chemical or mechanical, 
has been done by the intravenous injection of tubercle bacilli, and 
the appearance of tubercles in the treated tissue has been taken to neg- 
ative any possible benefit of the therapeutic agent or device. It is known 
that emboli of tubercle bacilli, whether dead or alive, will produce 
a tuberculous histologic process wherever they lodge, and the process 
produced by dead bacilli is indistinguishable from that produced by 
viable bacilli. Of course, the lesion produced by dead bacilli will heal 
as soon as the toxins of the organisms have been spent. The lesion 
produced by living organisms may or may not progress. Therefore, we 
are not interested in, or rather we do not expect to find, a therapeutic 
agent which will prevent the appearance of a tuberculous histologic 
picture in the treated tissue. We are concerned chiefly with ascertaining 
any inhibiting effect of the agent on the progress of a tuberculous lesion 
when compared with a suitable control. Possibly this effect may be 
manifest only in the histologic characteristics rather than in the size 
of the lesion at any particular time in its development. It is important, 
therefore, to be acquainted not only with the characteristics of the 
normally developing lesion but with any criteria by which an inhibiting 
effect could be determined. In general, susceptibility is expressed by 
degeneration and caseation, the effects so outstanding in children and 
very susceptible adults, and resembles so markedly the process in 
monkeys that it has been referred to as “monkey tuberculosis.” 


18. Fox, Herbert; Some Observations on the Development of Pulmonary 
Tuberculosis in Lower Animals as Compared and Contrasted with Similar Lesions 
in Man, Am. Rev. Tuberc. 17:435, 1928. 
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Fig. 8. — A, a low power photomicrograph of a section of the liver from a 
normal guinea-pig. A portal area can be seen on the left, and a central vein on the 
right. B, a section of a congested liver from a guinea-pig that died twenty-three days 
after complete ligation of the vena cava (congestion -1 — j — ( — }-)• There are marked 
fatty degeneration and death of cells about the central veins. The viable cells are 
greatly swollen. C, an early tubercle in the liver of a control animal, showing 
death of the liver cells and the usual infiltration with mononuclear cells. The 
animal died twenty days after inoculation (tuberculosis -f). Giant cells are occa- 
sionally seen in such early tubercles. D, an earl}' tubercle in a liver congested 
for thirty days by partial ligation of the vena cava (tuberculosis -f ; congestion 
-h-h-f-). The animal died twenty-four days after inoculation. All the photomicro- 
graphs were taken at the same power of magnification. 
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Fig. 10.-^ a low power photomicrograph of the spleen of a normal guinea-pig 
showing a malpighian corpuscle. B, a moderately advanced + ) lesion in 
the spleen of a control animal twenty-eight days after inoculation. Caseation is 
present at this stage. C a moderately advanced (-h-h + ) lesion twenty-four days 
after inoculation m a spleen congested for thirty days by partial ligaLn of the 
a caxa. D, an advanced (-t-t-J-f ) lesion in a control animal thirty-three days 
after inoculation. The tubercles are conglomerate with caseation. Two giant ceL 
arc present. E, an advanced ( 4 - 4 — f-f) lesion twenty-eight days after inoml^t* 
in a spleen congested for thirty-three days by partial ligation of the vena cava 
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of (he hacilh u-ithin n focus with marked necrosis of 
isMie. It has heen shown by Krause-'’ that bacilli injected into the 
.itroin (,i a -mnea-j% jjass by wa,r of the lymphatic system to the 
superlicial aiul^ deep in.ijuinal jjodes and thence to the lymphatics about 
the cotnmoti iliac artery and (he abdominal aorta. They empty into the 
blood stre:im by way of (he thoracic duct at the junction of the internal 
and the e.vternal ju^trtil^if vein on the left side. The course then is to the 
hintjs and (hroug'h them to the peripheral organs. The spleen receives 
organisms entirely from the arteiaal blood stream, while the liver is 
supi)!iod by the arterial and the portal stream, the latter coming from 
the intestinal tract and the spleen. The spleen and the liver are the most 
tref|ncntly and severely involved of the visceral organs, the spleen 
prnhahly hecanse it is rich in lymphoid tissue and the liver probably 
becanse it is fed by the spleen. 


COMri.KTK LIG.VTION' OF Till-: INFERIOR A^EN.-V CAVA OF THE 

GUrNEA-PIG 

I)v Dr. IIv.n'dma.v, Dr. Harry Da.vot, Dr. A. R. Asneeerg 

,A.VI> Dr. /. D. OOLDSTEI.V 

Under ether anesthesia and with aseptic precautions a miclline 
incision about 1 inch (2.5 cm.) long was made in the abdomen of the 
guinea-pig, beginning over the xiphoid process. By gently retracting 
the liver doA\-nwai’d and cutting the thin falciform ligament, the portion 
of the inferior vena cava between the diaphragm and tlie liver was 
brougiit into view. By means of a ligature carrier a ligature of fine 
black' silk was passed around the vein and the vessel was ligated com- 
pletely. The peritoneum and the muscular layers and then the skm 
were closed with a continuous hlack silk suture. The operatiA'C mortality, 
either immediate or within two or three days. Avas SO per cent. Five 
animals, hoAvever, liA^ed from tweh'e to forty-five days, and the Avoniids 
Avere Avell healed, A fcAV days folIoAving the operation the experimental 
animals and their controls receiA'ed 2 minims (0.12 cc.) of a diluted 
suspension of tubercle bacilli (Gluckson strain) in the groin. The 
suspensions Avere made fresh each time from young suhcultuies h) 
shaking Avith glass heads in sterile physiologic solution of sodmni 
chloride. After Ave liad obtained as fine a suspension as Ave coii 
this method the top suspension was diluted until the opalescence c is 
appeared. The effect of complete or partial venous ligation on the ‘ive 
was marked (fig. 7). Within two Aveeks the liver became eniat-ged a> 
presented a marked nodular appearance. ^ Though the engorgeme 
the spleen Avas usually evidenced by considerable SAvellmg, 
constant. The peritoneal cavity at the time of postmortem e-\c 


20. Krause, A. K.; Am. Rev. Tuberc. 4:135, 1920. 
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presented a varying amnnnl of ascites, the fluid nsnally being 1)1o(k1- 
tinged. The elTecl on only the liver and spleen was studied. Micro- 
scopic sections of these organs were taken and stained with heinato.xylin 
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* The degree ol conge.stion ol the liver Is repre.'cnte<l 1i.v + to S- + 4-+. the hitter hcliig the 
mn.vinimn. The degree ot congestion nn.s dcteriiiincd inlcro.«coplcnll.v, nnd this ngrecd closely 
with the gross appearance of the liver. 

+ The degree of tuberculosis Is dc.slgnatcd ns follows: 0, no tuhcreiilous histologic changes 
present in the sections examined; +, only one or two early lesions; ++4-+, ndvanced lesions 
with marked caseation (pliotomicrographs, flg.s. S to 10). 

S These two animals wore killed after forty-live days nnd showed marked involvement of 
the lymph nodes from the Inguinal to the peribronchial nodes but no tuliercles In tlie liver. 
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* The degree of eongestion and of tuberculosis is indicated as In table 4 
^ suspensions (a, b and c) were used in this experiment and made fresh 

same suspension >eU<=rs represent animals which received 2 minims of the 


J These animals were killed; all the others died. 


and eosin, and the lesions in the congested organs were compared with 
those in the control.^^ The results are given in table 4. 

21. Dr. Hansmann and Dr. Schenken aided us in the interpretation of these 
sections. 
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i'_ tins c.vpiTimcnl the (icvcloj)nicnt of tuberculosis seemed very 
.•> '>\v Ml oil (he ;iMiniaI,s. One of the animals operated on and its con- 
In.l. \\-liicli \vcTe k-iiicf! after forty-five days, to our surprise showed 
no tuberculosis in the liver and very early lesions in the spleen, though 
the retroperitoneal trlands were caseous. As we believed that the organ- 
ism eni[dnyed had iiccoinc attenuated through numerous subcultures, 
ue decided to study two scries of animals with partially ligated veins, 
Using the (jiuck.son strain in one series (experiment H, table 5) and 
.1 fust culture of organisms obtained from a tuberculous epididymis in 
the other (exjicriment I. table 6). 


T,mii.k 6. — Results of Experiment /* 
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* All the animals in this series received 2 minims ol the same suspension, 
i The degree ot congestion and of tuberculosis is indicated as in table f. 

; These animals were killed; nil the others died. 


PARTIAL LIGATION OF THE INFERIOR VENA CAVA OF THE 

GUINEA-PIG 

In the experiments with partial ligation the operative technic was 
altered somewhat. It was found to be of considerable adi'antage to 
elevate the animal board about 60 degrees. In this position, the ue|' 
fell away from the diaphragm by gravity, eliminating the necessit} 
retraction or of manipulating the abdominal contents in any vaj. 
advantage plus that of the partial ligation of the vena cava louvre 
our operative mortalit}^ from 80 to 20 per cent. The 
was effected incorporating a ligature carrier (1.5 mm. in lame ^ 
in the ligature. When the hook was removed, a lumen m thej ■ 
„™. in diameter remained. The size of the lumen 

postmortem examinations. The evidences of ' complete 

and spleen after this method seemed just as marked as after coup 

ligation. 
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In nio.'^t of tlic animals tlie inhcrciilosis of tlic spleen apiiearefl i;realer 
in anionnt and more advanced tlian that of tlie liver. It never a|)|)eared 
to he less extensive in the sideeii. 

It would seem as one examines the tables, ]):irtienl;irly table 6 
(experiment I), that an occasionrd animal that livetl a loin; time showed 
relatively less Itdicrcnlosis. No siitnihcance can he attached to this, 
however, in res])ect to the animtds operated on. because the controls 
exhibited the i^anie ])hcnomenon. .X jxr'isihle explanation is that the 
guinea-pigs varied slightly in sui^ceptihility to tnhcrcnlosis or that the 
dosage varied in spite of our attempt to .standardize it. 

In studying the sections from the animals showing more advanced 
changes the impression was obtained that the amount of tuheretdosis 
in the animals oiK'rated on was definitely less than in the controls 
after a corresponding period, 'fherc was no fliflerence. however, in 
the size or the histologic appearance of the individual lesions. On this 
basis it is our imprc.ssion that the fewer lesions can he attributed to the 
retarded or congested circulation. Our interpretation of the findings 
is that congestion retarded the development of tuberculosis in respect to 
the gross number of lesions but that it had no effect on the growth and 
progress of the existing lesions, and the end-result was the same in 
all animals. 

In the experiment made after partial ligation of the vena cava, the 
results did not differ for the two strains of tubercle bacilli. 

CONCLUSIONS 

Passive congestion produced by complete or partial ligation of the 
inferior vena cava of the guinea-pig has no influence on the progress 
or the histologic characteristics of tuberculosis in the liver and spleen 
produced by human tubercle bacilli. 

The number of lesions is smaller in congested organs than in the 
corresponding organs in the controls, a fact which can probably be 
attributed to the retarded circulation. 



•SI i'll- ACE TEMPERATURE TEST IN VASCULAR 
OCCLUSION AND VASOMOTOR SPASM 

ns \ALUL J.v RELATIOX TO SYMPATHECTOMY 


R. CUXLIFFJ: SHAW, M.Sc. 
i-m;sTo\, K.VGLAxn 

I lie geiieial assiunption (iiat the pathologic conditions which are 
tUiiciiable to ticalniciit by syiupnthcctomy are dependent on vasomotor 
sp.isin lias Jcf! to (he estimation of surface teinperafnre as- an index of 
tlic potential degree of i-ascular release. The skin temperature and the 
potential rise have been investigated by exposure to high environmental 
teniperature.s and by blockage of the vasomotor impulses by the injection 
of procaine hydrochloride into the peripheral nerves or by the use of 
spinal anesthesia. 

From a study of these methods it has been found that, there is a 
gradation of the skin temperature from the trunk to the extremities 
in normal persons, ^vhich may be termed the vasomotor gradient, and 
that exposure of the body to a uniform warm air temperature of from 
34 to 38 C. (93.2 to 100.4 F.) produces generalized vasodilatation with 
equalization of the temperatures of the central and distal surfaces. Coller 
and Macldock ^ ha\-e shown that in healthy persons exposure of the 
body to uniform high environmental temperatures results in a rise of 
skin temperature to an average level in men of from 34 to 35 C. (93.2 
to 95 F.) and in women of from 35 to 36 C. (95 to 96.8 F.). 

The application of similar tests of vasodepression in patients sufter- 
ing from vascular diseases has been shown to result in a failure of the 
surface temperature to rise to the average levels attained in normal 
persons, and the difference between the maximum surface temperatines 
in the normal and in the pathologic cases is regarded as an index of 
the degree of vascular occlusion. As the result of their studies, Coller 
and Aladdock divided the cases of vascular disease into three groups. In 
the first there is a slight change or no change following the application 
of tests of vasodepression. In this group the}" placed advanced cases 
of thromho-angiitis obliterans and of peripheral arteritis. They regar e 
cases in this group as evidencing definite vascular occlusion and 
that S 3 "mpathectonr 3 " is contraindicated. In the second group, m u nc 
there is a normal rise in surface temperature, taken as an indication 

F. A., and Haddock, W. G.; Ann. Surg. 96:719 (Oct.) 1932. 
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the total absence of arterial block, they considerccl tliat syini)atbcctoiny 
oflfers the greatest possibility of relief. 'J bis group .shows a combina- 
tion of occlusion and vasos])asticily. 

The importance attached to the observation of a rise of surface 
temperature in the estimation of the prognosis and operability in cases in 
which sympathectomy is indicated suggested the study of the recovery 
period in such cases in relation to the surface thermal changes. 'J'he 
outcome of these observations and the detailed investigation of a case 
of vascular occlusion have shown that the foregoing conclusions must 
be modified. 

Before discussing these results it should be noted that all sensitive 
methods for the estimation of surface temperature depend on thermo- 
electric principles, the pole or poles of the apparatus being applied to 
the skin or introduced into the derma! tissue, as practiced Ity Uflrc- 
duzzi,- and that the slight local variations are raitidly recorded by the 
galvanometer. 

The details of a case of vascular occlusion are as follows: 

REPORT OF CASE 

man, aged 59, noticed an ulcer on the fourth toe of tlie left foot about 
Easter, 1930. He thought that it was caused by the pressure of his clog. In 
August of the same year a constant aching and burning commenced, and the ulcer 
remained unhealed. In December the left foot became cyanosed and generally 
painful and was markedly swollen after walking. On Feb. 9, 1931, he was admit- 
ted to the hospital. There was complete gangrene of the terminal phalan.v of the 
fourth toe, and the third toe was congested and showed two hemorrhagic blisters. 
The entire foot was slightly swollen and felt warmer than the right foot. The 
skin over the dorsum was cyanosed. The surface temperature readings, taken by 
the Campbell-Smith platinum resistance thermometer, are given in table 1. 

Perifemoral sympathectomy was performed on February 24. There was no 
further change of surface temperature. The gangrene reached a stationary condi- 
tion in the fourth and second digits, which were amputated on March 12. After 
a period in the hospital for convalescence he was discharged. He was free from 
pain; the amputation scar was healed, and the skin of the foot was a normal pink 
on exposure to warm air. In July, slight pain returned in the foot, which varied 
in severity throughout 1931 until June, 1932, when the foot again became swollen 
and the amputation scar of the second toe broke down, forming a small discharging 
ulcer. 

The patient was readmitted to the hospital on October 2. There was a small 
hypersensitive ulcer on the plantar aspect of the base of the second toe. The foot 
was deeply cyanosed, but this condition disappeared on elevation. Apart from this, 
the skin over the remainder of the foot had a normal appearance. It was noticed 
that deep pressure in the popliteal fossa caused a rapid change in the tint of the 
skin, with almost immediate blanching of the blood vessels of the- surface. This 
suggested that there was a marked degree of vasomotor spasm. The patient was 
accordingly tested for vascular release by exposure to high environment tempera- 

2. Uffreduzzi, O. : Gaz. d. hop. 101:265, 1928. 
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U.,s , ,rn«I cm under .spmn! anesthesia, wJhc), resumed in a rise in the temperature 
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On Oclolicr a luinhar gan.tjlimiectomy eras performed on the left side. The 
third and iourth Ranslions and a ,>ortion of the second ganglion .were e.xcised, 
and the chain was divided helow the fourth ganglion. After the operation the 
estimation^ ol^ surface temperature showed an average rise of from 3’ to 4 degrees 
(<) 7 ] .) incr tile .'ifTcctcd foot. Tlie color of the skin was normak and on 
re uKse oi local pressure (here was rapid hJling of the surface vessels, ijidicating an 
ailiie ciit.ineoiis circulation. Cliiiically, the operation was a complete failure. The 
pain increased in severity, and the discharge from the ulcer persisted. 

Ill view of the severity of the pain, the popliteal nerves were exposed under 
procaine hydrociiloride ane.sthcsia, and an injection of a 30 per cent solution of 
aiitipyrine containing 2 per cent procaine hydrochloride was made. At the same 
time the po()!itea! artery was stripped, and an injection of absolute alcohol was 
made in its sheath in view of the possibility of inadequate ganglionectomy. It was 


'J'-Aiii.E 1. — Siirfocr Tcntl’craturc Readings in a Patient with Vascular Occlusion 
in the Lower Lejt Extremity ( C.) 



Jtkkilo 

of 

Dorsum 

Dull 

of 

Great Toe 

Jliddlc 

of 

Heel 

Anterior 
tlliddlc 
of Leg 

Posterior 
Middle 
of Leg 

PatelJa 

Anterior 
Middle 
of Thigh 

Posterior 
Middle 
of Thigh 

I.ott foot. .. 

Tw 

ni.3 

S2.5 

3J.5 

SS.O 

34 

83 

Sd.5 

35.0 

lik’llt loot.. 

so 

20.0 

S0.5 

31.5 

31.5 

31 

S3 


observed that there was no phase of contraction during this procedure, which had 
been marked at the primary perifenioral sympathectomy. Pain was relieved by these 
methods for only twelve hours, and there was no further rise in surface 
temperature. 

On November 3 the leg was amputated on account of the intolerable pain. Up 
‘to this time the onlj' surface lesion was the small discharging ulcer at the dista 
end of the plantar surface. The changes in surface temperature were maintained 
to the time of amputation. 

Immediately after the amputation I injected iodized popp 3 ‘-seed oil 40 per cent 
into the anterior and posterior tibial arteries and took roentgenograms of the oot. 
These showed that the anterior tibial artery was blocked at about the level o t le 
anterior annular ligament .and that the posterior tibial artery was obstnicte nea 
its bifurcation into the e.Kternai and internal plantar arteries. The blooc 
of the foot was carried on by the peroneal and malleolar vessels, an tie roe 
genogram showed a free injection of the vessels of the surface around t le le^. 
although the iodized oi! had not penetrated into the vessels of the more 

surfaces. mrresnond 

The arteries were dissected, and the organic occlusion was ^ 

with the roentgenologic appearance. It was noted that the ® supplied with 

the.^'fentire foot, with the exception of the ulcerated area were \ P 

blo^d. On the other hand, all the structures 

arch of the tarsus were completely necrotic, consisting P P 

liquefying and discharging through the peripheral ulcer. 
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In the ease clescrilicd there is definite evidenee of two factors opf-ra- 
tive on the vascular system: (1) endarteritis, causinji a comidetc Idock- 
aae of the main peripheral arteries, and (2) .ycneralr/.ed freedom of the 



Roentgenograms of tlie foot taken after amputation, showing blocking of the 
anterior tibial artery and obstruction of the posterior artery: A, anterior view; 
B, lateral view, showing in addition congestion of the 'vessels of the surface around 
the heel. 

dermal blood vessels from vascular occlusion, but a marked degree of 
vasospasticity prior to sympathectomy. The result of the first factor 
was slow aseptic gangrene of the subfascial plantar tissues, accom- 
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p.-iDinl In- intense irritation of (he coniinon sensory nerves. The second 
loctor prodneed preoperative variations in the tint of the skin and a 
JKirma! Ihernial resiion.se to iii^di environmental temperatures, together 
with a innximai vascular release under sjiinal anesthesia, and absence 

of the occlusive inde.x and t(ood filling of the surface on the release of 
pressure. 


Jt is evident that the sensitivity of thermo-electrical methods of 
detei mining changes in surface temperature gives results that are 
dependent on the response of the blood vessels of the surface. The 
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estimation of the rise in skin temperature in occlusive vascular disease 
as a criterion of operability introduces a factor of possible error, fhioni 
bo-angiitis obliterans attacks first the principal distal aiterics, uh'c 
become obstructed long before the dermal vessels ; hence the apphcrit ^ 
of the temperature tests may lead to deductions based on vasculai i c ease 
of the dermal vessels in the presence of completely occluded deep alter 
ies. On the other hand, the investigation of the potential 
release based on the rise of dermal temperature must 
reliable and valuable procedure in judging operability in ° 
spasticity, and in this particular sphere I agree with 
,bf Coller and Haddock that the more satisfactory 
these changes is by the use of the high environmental teinpe < ^ 


The unpleasant psychic effects of peripheral nerve 
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anesthesia make the cniplo 3 ’nicnt of these tests ()1)jccti()nahle to some 
patients, and, further, a fall in hloocl pressure and a cnrresi)oiulint,dy 
inadequate thermal response frequently follow their use. 

The subject may he studied from another aspect. In table 2 I have 
indicated the average rise in surface temperature after ganglioncctomy 
and periarterial sympathectomy in nine cases, the clinical results of 
which were classed as good. The relative time for recovery from the 
symptoms and for the healing of the peripheral lesion is com])arcd with 
the rise in surface temperature and the period during which the hyper- 
thermia was maintained. 

Table 3.- — .Average Rise iit Tewperalurc in Eleven Cases of Synil’alheclotny for 
J'ascniar Occlusion Recorded by Telford and Slopjord 


.■inal 3 ’sis of results Number 

Good S 

Fair 2 

Failure 1 


Total 


II 


-Average rise in the temperature of the shin Degrees, C. 

Good results Right and left sides 2.47 

Fair results Right and left sides 2.27 

Good resuits Right side only 2.243 

Good results Left side only 2.C75 

Fair resuits Right side oniy 2.53 

Fair results Left side only 2 


Average rise in the temperature of the skin in the limb uhieh exiiibited tiie more 
serious lesion 

Good results 1,725 


Average rise in the temperature of the skin in nine eases of synipatheetomy for mis- 
cellaneous conditions the results of which arc classed as good (own cases) 

-Average of highest temperatures (approximately) 1.38 

Average of lowest temperatures (approximately) 1.30 


It will be observed that in the cases in which the rise in temperature 
was of a minor degree, there was progressive healing of the distal 
lesion and cessation of pain, and that in several cases periarterial sym- 
pathectomy gave complete relief within from one to two years. These 
results form a striking contrast to the hyperthermia observed in the 
case already discussed. Moreover, another point may be noted from 
table 2 : In several cases the comparatively small degree of hyperthermia 
ceased long before the healing of the surface lesion. 

In table 3 I have set down the average rise in surface temperature 
in a series of cases which were reported by Telford and Stopford.^ It 
will be seen that, taking the average rise of temperature in the cases 
m which the results were classed as good in the affected limb which 
showed the more serious clinical S 3 miptoms. the average hyperthermia 

IbiA 
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u-as loss than Dial in the cases in which tl,c clinical results were classed 
as .ill. Hs compares f.avorahly with the average hj^perthermia 
oh.scrved in the nine cases classed as good in mv own series. 

'i-hese facts suggest that, although vascular dilatation must play some 
pan in the himling of [leriphera! lesions, it is by no means the sole 
tactor. riiere is e\'idence to show that sympathectomy may directly alter 
the pin siochemical balance of the tissue cells, and that slight changes of 
the hwliogen ir>n concentration may occur after this procedure. 

Jtmt^ ;md Lerichc de.scrihed reactions in sympathectomy wounds 
varying from acid to allcaline, whereas in wounds that bad not been sub- 
jected to .sympathectomy the reaction was always acid. In this associa- 
tion the work of i''ischer ' has demonstrated the remarkable sensitivity 
ot /ihniblasts to the sliglit changes in the hydrogen ion concentration, 
and Jk'dint and W’ei.ss ' have shown the striking effect of variation of 
the /’ll of the tissue duids on healing wounds. It is possible that some 
such change occurs at the margin of the tissue cells after sympathectomy 
and that this change of the ion concentration determines the nature of 
the inflammatory reaction, the destructiv-e phase giving place to the 
assimilative one. 


COXCLVSIOXS 


It is concluded that the estimation of the potential rise in surface 
temperature is a useful index of the degree of vasospasticity of the 
dermal blood vessels and can be applied particularly in pure vasomotor 
conditions, such as Raynaud’s disease. On the other hand, the applica- 
tion of these tests in cases of occlusive vascular disease, such as throin- 
ho-angiitis obliterans, is of very slight value for the following reasons; 
first, on account of the factor of possible error; second, because con- 
siderable hyperthermia is not necessary for the relief of the symp- 
toms or the healing of the peripheral lesions, and third, because 
altliough these cases exhibit varying degrees of v’asospasticity of th^ 
surface blood vessels ganglionectomy is by no means able to overcome 
the effects of a complete block of the deeper vessels (as shown in t le 
case reported in this article), and it is suggested that some change other 
than mere vasodilatation ma}^ be necessary for a successful resu t loi 
s3m'ipatl5ectomy. 


4. Fischer, A.: J. E.vper. Med. 34:447, 1921. ^ 

5. Balint, R., and Weiss, S. : Tissue Proliferation and Acid Bas ^ 

translated bv F. Morena and G. C. Pether, London, Constable & •. 
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DUE TO DIFFUSE CONTUACTUKE OF THE EXTRAllEFATIC 
BILE DUCTS 
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The problem of benign stricture of the bile ducts is one wbicb in 
recent years has come to occupy a position of major importance in the 
field of abdominal surgery, as is attested by the numerous papers on 
the subject which may be found in the current literature. While a few 
decades ago clinical observations and case reports were concerned chiefly 
with the so-called congenital strictures which are of interest to the 
pathologist hut usually surgically hopeless, today the acquired type of 
stricture assumes the predominant role. The reasons for this are: first, 
the greater frequency with which these acquired strictures are encoun- 
tered, probably owing to the more widespread practice of cholecys- 
tectomy ; second, the chance of affording relief by surgical therapy now 
possible with the development of appropriate operative procedures for 
dealing with such lesions, and third, the importance of their prevention. 

For the most part the congenital strictures do not concern the sur- 
geon. This condition is characterized b}' complete biliary obstruction 
appearing a short time after birth, and it ordinarily soon leads to a 
fatal termination. The situation of the obstruction and the type of 
lesion may show the utmost variation in different cases, but obliteration 
of the lower end of the common bile duct or complete occlusion of the 
whole duct seems to be found most often, while abnormalities of the 
hepatic duct are perhaps second in frequency. The pancreatic duct is 
only rarely affected. Along with these changes in the major ducts, 
obliteration of the cystic duct or even absence of the gallbladder is a 
frequent accompaniment. Occasionally a patient with a congenital stric- 
ture of the common duct may survive until adult life ; interesting cases 
have been reported by Treves,^ Mathieu = and Judd and Burden.^* While 

From the Department of Surgery, University of Michigan. 
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1. Treves, F.; A Case of Jaundice of 16 Years’ Standing Treated by Opera- 
tion, Practitioner 62:18 (Jan.) 1899. 

2. Mathieu, Paul : Retrecissements non neoplasiques des voies biliares princi- 
pales. Rev. de chir. 37:61, 1908. 

3. Judd, E. S., and Burden, V. G.: Benign Stricture of the Bile Ducts Arch 
Surg. 11:459 (Sept.) 1925. 
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llic nnitirc of (lie palhoiogic process of these strictures is not dearly 
tuificrstoocl ,1 has been sti^gcstcd by Moynihan-^ and Roileston’ that 
( unntt fetal life, poisons (Icvclopcd in the body of the mother are car- 
s icc to the hver of the fetus, provoking a combination of cirrhosis and 
cholangcitis, the end-result being an obliterative cicatrization of the 
< uct$. Some doubt may be cast on this vierv by the observations of 
I'elduiau and I^awson " in 1924 who noted the presence of congenital 
stiicturc in one of a pair of binovular twins, the fellow twin being quite 
noiin.il. Other authors, notably Rolleston,' have reported cases of con- 
genital stricture of the common duct which they believed were caused 
by syphilis. 

4 he second group, or the acquired tj’pe of stricture, is the one in 
which we arc chiefly interested. Plere we have more positive information 
regarding etiology, and considerable clinical experience has accumulated 
concerning opcrati\'e treatment. The acquired strictures may be sub- 
divided into a traumatic and an inflammatory group. Of the traumatic 
tv'pe. h\’ far the greatest number of instances are those in which injury 
to the Jicpatic or common duct during cholecystectomy has occurred. 
7'his injury may consist in an actual severing or ligation of the duct or 
even excision of a segment; wounding of the duct with the production 
of an external biliary fistula and subsequent cicatrization ; or perhaps 
most commonl}', the placement of the ligature of the cystic duct too close 
to the common duct so as to compromise its lumen when the ligature 
is tied. In other instances, it has been suggested that an abnormal amount 
of scar tissue ma}'’ develop about the duct from the use of too large or 
too heavy gauze drains, r\dth the ends left close to the duct. Again, 
damage to the circulation of the duct from an overzealous denudation 
at the time of operation has been mentioned. These strictures naturally 
are usually located near the junction of the cystic and hepatic ducts and 
are fairly circumscribed; frequently there is a segment of normal duct 
above and below the point of obstruction, a fortunate finding when 
surgical reconstruction of the duct is to be done. 

The inflammatory variety of acquired stricture is commonly regar e 
as due to a localized cicatrix presumably caused by an initial ulceration 
of the mucous membrane by the passage of a gallstone or to impactio 
of a stone in the wall of the duct with resultant injury and subsequeii 


4. Moynihan, quoted by Judd.® 

5. Rolleston, H. G.i Diseases of the Liver, Gali Bladder and Bi e 

London, The Macmillan Company, 1912. , , 

6. Feldman, William, and Lawson, M. A.: A Case of „ Bergli 

Sion of the Common Hepatic Duct in a Twin Bab 3 ^ with an Ind.rect ^an den 

Reaction, Lancet 2:113 (July 19) 1924. Common Bile 

7. Rolleston, H. G.: Congenital Syphilitic Obstruction of the Comm 

Duct, Brit. M. J. 2:947, 1907. 
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contraction of the scar tissue during the healing process. Sucli strictures 
are usually quite localized and found in a duct which at other points is 
within normal limits. 

According to Judd® these etiologic factors of initial injury have 
been greatly overrated, and he believes that in manj' of these so-callcd 
acquired inflammatory and traumatic strictures, the process is funda- 
mentally an obliterative cholangeitis. In support of his contention he 
cited cases in which the clinical evidence of stricture did not appear until 
many months or even j'ears after the cholecystectomy. 

Finally, there is another and fortunately more unusual variety of 
obstruction of the common duct, namely, the diffuse flbrosis of the 
entire system of extrahepatic ducts with ultimate contracture whereby 
the ducts are converted into a small thick-walled tube with severe com- 
pression or even occlusion of the lumen. This t3’pe of lesion in all 
probability should be regarded as an obliterative cholangeitis, since the 
factors of previous operations or preexisting gallstones can be excluded 
in the majority of the reported cases. As an example of this type, we 
relate the history of such a case in which the patient was only recently 
under our care. 

report of case 

Case 1. — History. — O. P., an American tanner, aged 35. was admitted on Oct. 
12, 1932, with a complaint of “stone in the common duct.” 

His health had been good until seven weeks prior to admission to the hospital, 
at which time he first experienced an attack of rather severe acute abdominal pain, 
which was colicky and localized to the right upper quadrant of the abdomen. The 
pain did not radiate. This first attack lasted for several hours, and slight nausea 
and vomiting were associated with the pain. The symptoms continued with less 
severity and he was required to give up his work and go to bed. The daily’’ nausea 
and vomiting continued until one week before admission. The vomitus was 
greenish and occasionally it was streaked with blood. He had had no chills or 
fever as far as he was aware. Three weeks before admission, jaundice was noted 
for the first time. Along with this the patient noticed that the urine was dark, but 
he did not know whether the stools had been clay colored. The pain in the right 
upper quadrant came on two or three times a day, remaining quite well localized 
and being definitely colicky. It seemed to be aggravated by exercise, but had not 
progressed in severity. At the beginning of his illness he was seen by a local 
physician who told him that he had a stone in the common duct. His appetite had 
been poor since the onset of the trouble. He estimated that he had lost about 30 
pounds (13.6 Kg.) during the seven weeks of his illness. His health had always 
been exceptionally good in the past. There had been no injuries or surgical opera- 
tions. He was a moderate user of tobacco, but not of alcohol. 

E.vamimtion . — The patient was a well developed and well nourished adult who 
appeared to have lost considerable weight and who was quite dehydrated at the 
time of admission. The skin and sclerae showed deep jaundice, and there were a 

8. Judd, E. Starr; Stricture of the Common Bile Duct, Ann. Surg. 84:404 
(Sept.) 1926. 
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t m cr (.1 t.Ncoru lions from .scmldimfi: owing to the intense pruritus. The teeth 
ert in poor condition, with marked oral .sepsis. The ionsWs were hypertrophic 
I septic. Otherwi.se. the head, neck and thorax were normal. 

flw. ' ‘■’’'■'"''••''X. "'C interior abdominal wall being slightly above 

the level o lie costal margin. There was slight generalized tenderness, but other- 
vvise the nlKlommal examination gave negative results. The gallbladder was not 
palp.able. 


The temperature, imise and rc.spiration were normal on admission and remained 
essentially so during the first few days in the hospital, with a slight rise in tem- 
perature to 99 or 100 F. in the afternoon. 

Lahoralory h.vaiiiiiialiniis . — Tlic Kahn lest was negative. E-vamination of the 
h!oo<I sliovyed a hemoglohin content of 59 per cent and a white cell count of 6,400. 
1 he bleeding time was four and a half minutes and clotting time eight minutes. 
T he urine was normal e.xccpt for the presence of bile in several specimens 
examined, flic stools were clay colored. The blood bilirubin was 75 mg. per 
llionsand cubic centimeters (direct van den Bergh test). A gastro-intestinal 
roentgen examination was made which revealed no organic disturbance in the upper 
portion of the alimentary tract. On account of the obstructive jaundice, cholecysto- 
grariis were not made. 


Rreoperative Treatmcnf . — The patient was given an abundance of fluids, a diet 
high ill carbolivdralc with calcium and dextrose administered intravenously over a 
jwriod of eight days. The itching was considerably relieved by antipruritic 
Ircalmcnf. 


Cotttutcul. — This vv'as a case of a healthy young man with a fairly 
short history of wliat seemed to be galistone colic with jaundice develop- 
ing subsequently, which suggested the likelihood of a stone in the com- 
mon duct. It might be noted, however, that the jaundice had not been 
intermittent, but had continued without remission during the three weeks 
since it had first appeared. Although chills were not present there was 
a slight rise in temperature in the afternoon. The possibility of a 
pancreatic neoplasm was considered, but this was not regarded as very 
probable. 


Operation (by H. K. R.).— On Oct. 20, under avertin, nitrous oxide and oxygen 
anesthesia, an upper right rectus incision was made. All tissues vv'ere found to be 
deeply jaundiced. The liver urns normal in size, but blackish, suggesting biliarj 
obstruction of fairly long standing. The wall of the gallbladder was thickene an 
the gallbladder was contracted, but it did not contain stones. The fwamen 
Winslow was patent, but exact identification of the common and cystic uefs 
difficult, owing to an inflammatory process about the ducts. There was no 
of dilatation of the common or hepatic ducts, and no stones cou e e on 
tion. Attempts to aspirate the common duct were unsuccessfu , ’ [[. 

to be very certain of the point of junction of the cystic and common uc , 
bladder was dissected off of the liver and followed as a guide to t e 
At a point just distal to the junction of the cystic and 
a very fine hypodermic needle, a drop or two of bile cou ^ 

this, the duct was opened in a longitudinal direction. Th 
procedure because, as the incision U was ^ 

was 


CUUl'- v-w 

SO contracted as to be only a small fibrous cord with a 
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almost complete obliteration of tlic lumen. Wlicn the lumen was opened, :i minute 
quantity of bile escaped. Probing of the duct could be done with nothing larger 
than a fine silver wire probe. Tliis could he passed downward into the <Iuodenum 
and upward into the hepatic ducts without encountering any definite point of com- 
plete obstruction. A uterine sound or the smallest liougic could not he introduced 
on account of the small size of tlic lumen. At this point an unfortunate happening 
occurred. Owing to the tension on this very slender fibrous duct in the attempt 
to probe it, the duct snapped completely in two at the point at whicli it had been 
opened. Because of the extreme narrowing of the lumen of the duct, it was impos- 
sible to reconstruct it over a T-tubc or any small tube, as none was of sufTicicntly 
small caliber to be introduced. Likewise no catheter was small enough to permit 
its introduction into the cut end of the upper segment for the purpose of external 
drainage. As the operation had been somewhat prolonged, owing to this accident, 
and since the patient’s condition was failing, in desperation the lower end of the 
duct was closed and the upper end brought up through the peritoneum, and the 
gallbladder necessarily removed. This part of the abdomen was then quarantined 
by the Coffey method of drainage and the abdomen was closed. Immediately a 
transfusion of blood was given and dextrose was administered intravenously con- 
tinuously thereafter. His condition during the afternoon was poor, and at 6 
o’clock a second transfusion of blood was given, but he rapidly became worse and 
died at 8:30 p. m. 

Pathologic Report . — The report on the specimen removed (gallbladder) at 
operation was ; “Chronic cholecystitis with diffuse fibrosis of the gallbladder wall. 
No stones were present. A lymph node included in the material showed chronic 
lymphadenitis of the sinus epithelium.” 

Necropsy . — A postmortem examination showed that the entire system of extra- 
hepatic ducts had undergone e.xtensive fibrosis with e.xtreme narrowing of the 
lumen. The process included the common duct, the common hepatic duct and both 
right and left hepatic ducts to almost the same degree, with possibly more extensive 
alteration in the hepatic ducts than in the common duct. The liver showed a 
biliary cirrhosis. No other changes of importance were revealed. Death was 
undoubtedly due to shock from the prolonged operation in a patient who was a 
poor risk. 

The unusual findings at operation called to mind an earlier operative 
experience in a somewhat similar case encountered about nine years 
before, a detailed account of which will be given (case 2) . It also stimu- 
lated us to undertake a survey of the literature on the subject of 
stricture of the bile ducts, as at operation a condition had been discovered 
which was wholly unexpected and one in which the likelihood of cure 
by surgical intervention seemed highly improbable. We shall endeavor 
to give a short account of the more important recorded observations. 

CASES IN THE LITERATURE 

In 1927 Miller » reported a case very similar to ours in all particulars. Miller’s 
patient was a man, 40 years of age, who presented himself with a history of recur- 
rent attacks of severe pain in the upper part of the abdomen of five months’ dura- 

9. Miller, Robert T., Jr.: Benign Stricture of Bile Ducts, Ann Sure 86-29(1 
(Aug.) 1927. 
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I with 
. !>t., .„»1 u,„„Mn^r. rm;,!!y (cnn.nafmR in a period of malaise lasting for two or 

1 u- (l.,>s. Synipl.nns of nifhge.slion had become increasingly more severe. There 
•'1 loss o, la pmnKis (d.S K'g.) ennsed by iaundiee, which had developed 

iru \uths before admis.sioii. J be examination showed a well nourished man with 
Jitoderate jaiimbee. slight vnhrncmcnt of the liver, hut without tenderness, muscle 
spasm or palpable masses in the abdomen. While the patient was in the hospital 
the tcmjicrature varied from 97.6 to 99.2 P. and the leukocyte count was normal. 

le g.istni-inteslinal tract ivas found to he normal on roentgen examination, and 
a roentgenogram of the gallbladder was negative for stones. The urine showed a 
renclioii for bile, and the stools were clay colored, chemical tests showing 
only a small (inantily of bile. 1 be gtiaiac test was negative. The condition was 
ibongbt to be a stone in the common duct, while the possibility of neoplasm was 
considered. .At opcrnlion a chronically inflamed gallbladder was found without 
."tones. Palpation of the common duct .suggested a superficial saphenous vein 
occluded by organized clots. 7’bc whole duct was felt as a hard cord of slightly 
less than normal size. “'I'lic duct was opened, its wall was found to be greatly 
thickened tliroiighoiit, its lumen imich diminished in size and lying in it were a few 
tlakes of decji colored soft debris. No hilc came from the duct until a probe had 
hceii .somewhat forcibly inserted into the hepatic duct, wliereupon a small amount 
of very faintly colored secretion appeared. It was impossible to pass anything 
larger than a very fine probe info the duodenum, the lumen of the duct being all 
but occluded by its thickened wall. The exact nature of the change in the wall 
of the dnet was not understood but because of bothersome bleeding no specimen 
was excised for diagnosis.” The duct was closed and a cholecystogastrostoniy 
done. The patient recovered front the operation, and all of his symptoms were 
relieved. 

Pierre Delhct in 1924 reported another almost identical case. His patient, a 
man of 48 years, complained of recurrent attacks of epigastric pain witli nausea and 
vomiting of two years’ duration, while jaundice had appeared ten days before the 
e.vaniinafiort. E.xaminatiou revealed extreme epigastric tenderness and muscle 
spasm. The stools were light colored. A diagnosis of stone in the common duet 
was made and a laparotomy performed ; at this time a thin-walled gallbladder was 
found which was moderately tense and buried in light adhesions. The common 
duct was contracted, and on being incised it was found to have extremely ihic ' 
walls with a very small lumen, although a fine catheter could be passed throng i 
the lower end of the duct into the duodenum. The catheter could not be passc( 
to the liver, but evidently the duct was not completely occluded. The operation 
was therefore concluded by anastomosing the gallbladder to the duodenum, 
valescence was uneventful, and the jaundice disappeared. t i i 1 

Lafourcade “ in 1925 reported fJm case of a man, 58 years old, who ha 
attacks of gallstone colic for thirty years. Jaundice had 
months before admission. Examination showed the bver to le ^ 
and the stools were clay colored, while the urme contained i c. • 
stone in the common duct was made and an operation a„ct 

gallbladder rvas found to he contracted and buried in adhesions. 

10. Delbet, Pierre: Bull, et mem. Soc. naf. de clnr. 

11. Lafourcade, L.: Bull, et mem. Soc. nat. de chir. 5I.S. , 
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was extremely indurated thrauBlioul its course, and wlien o|iened the wall was 
found much thickened, owing to general fibrosis. Lafourcade stated tlial the wall 
of the duct was 0.5 cm. in thickness and the lumen so small that only with the 
greatest difficulty could a stilct be inserted. In this case, the hepatic duct was 
apparently not very abnormal, for 1-afourc.ade cut it across and inserted a rubber 
tube, the distal end of which was carried into the diiodcnuin. The patient died 
forty-eight hours later, but permission for autopsy was not granted. 

Dr. Allen O. Whipple,^- of New York, discussed the case of a woman, aged SO, 
with pernicous anemia rvho came to him with a history of digestive symptoms and 
jaundice. The jaundice had been complete for two months before operation. At 
operation the gallbladder was found to l)c collapsed, the common duct was felt as a 
thickened cord throughout its entire length, including the common hepatic duct, 
and no bulging of the right or left hepatic duct could be made out. Because of 
the inability to locate a dilated duct, no attempt was made to drain citber the 
gallbladder or the duct system. The liver showed an extensive cirrhosis of the 
biliarj’ type which was proved bj’ microscopic section. The wound was closed 
without further procedure and on the ninth day after the operation the patient 
began to show some bile in the stools and continued to recover without interrup- 
tion. She remained well as far as was known. 

These cases of Miller, Delbet, and Whipple seem to have been quite 
similar to case 1 in that the hepatic duct as well as the common duct 
was involved in the inflammatory process, while the case reported by 
Lafourcade differed slightly in that the hepatic duct did not show 
notable change. In considering the etiology of this condition, the striking 
thing about all of these cases is the absence of any previous abdominal 
operations and also the absence of stones in both the gallbladder and 
the ducts at the time of operation. The factor of operative trauma can 
be excluded, while damage to the ducts from the passage of stones at 
an earlier date seems highly improbable. Likewise the diffuse and 
uniform character of the process seems quite incompatible with such 
a causative agent. We are left, then, with the alternative of explaining 
the process on the basis of an obliterative cholangeitis which had led 
to ultimate diffuse fibrosis and contracture. This view seems to be sub- 
stantiated in our case in which microscopic examination of the duct was 
possible, as the histologic examination showed a marked fibrosis of the 
walls of the ducts indicating a chronic cholangeitis with the process still 
showing some degree of activity (fig. 1). It is usual in infections of 
the biliary tract for the process to gain a foothold and produce the 
greatest damage in the wall of the gallbladder itself, while the ducts show 
a rather remarkable ability to resist infection. It would seem that in 
these rare cases, the gallbladder and the ducts shared alike in the inflam- 


12. Whipple, .Mien O.; Tr. Am. S. A. 45:143, 1927. 
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matory process and that even before stones have had a cliance to form 
in the gallbladder, the maximnin damage has been jM-odneed in the wall 
of the extrahepatic ducts, while the inflammatory process in the wall 
of the gallbladder has progressed to a lesser degree. We now present 
the report of the second case, to which reference has been made. 

Case 2.^History.—'\lTS. N. G., a housewife, 53 years old, was admitted to the 
hospital on Ivlarch 3, 1924, complaining of attacks of alidominal pain, gas and 
jaundice. She had never been very strong and had had all of the usual contagious 
diseases and frequent attacks of infections of the upi>cr respiratory tract. Three 
years before, she contracted typhoid fever. The attacks of gas, natuleiicc and 
epigastric pain began about four years before admission. The pain tended to be 
more severe at night. In May, 1923, a cholecystectomy for gallstones was done. 
Since then she had never felt entirely well. There had been attacks of pain, gas 
and jaundice with chills and fever. The temperature frequently reached 104 F. 
Jaundice developed four weeks prior to admission. 

Physical E.va/niiiatioii. — The patient was a nervous slender woman of medium 
stature. The skin and sclerae showed marked jaundice. Abdominal examination 
revealed the scar of a former right rectus incision which was well healed but 
showed a slight tendency to keloid formation. There were no palpable masses and 
no muscle spasm. 

Laboratory Examination . — Urinalysis gave negative results except for the 
presence of bile. The hemoglobin was 80 per cent, the red cell count, 4,156,000 
and the white cell count, 7,300. The stools were clay colored. Examination 
revealed; no free fat; free starch, 1 plus; few undigested meat fibers; no ova. 
The coagulation time by the Howell method was twenty minutes. 

Coininctif . — This was a patient with all the signs and symptoms of 
obstruction of the common duct developing nearly a year after cholecys- 
tectomy. On account of the pain and digestive disturbances along with 
the jaundice, chills and fever, a diagnosis of a stone in the common 
duct was made and operation recommended. 

Operation (by Dr. F. A. Coller). — On March 4, under ethylene and oxygen 
anesthesia, a laparotomy was performed, the incision being made through the old 
scar. Adhesions were found between the liver and the parietal peritoneum and 
between the duodenum and transverse colon and the anterior aspect of the liver. 
The foramen of Winslow was open and an excellent e.xposure obtained. The 
common duct was found to be very small throughout its entire extent. It was 
impossible to pass a no. 8 F. bougie along its course. The duodenum was opened 
and an attempt made to secure some degree of dilation from this end, but it was 
impossible to pass even the smallest bougie into the common duct. The pan- 
creatic duct was apparently somewhat dilated, as it could be probed throughout its 
entire extent with a no. 10 F. bougie. Absolutely no dilatation of the common duct 
existed up to the point where it went into the liver. There were enlarged glands 
along the course of the common duct, varying from 1 to 2 cm. in diameter. There 
was absolutely no evidence of any stone, and none could have been present as the 
examination was entirely adequate. The liver was enlarged, firm and extended three 
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fmpfrf.mHllhs hchny i|,c costal ,„argin. Throughout the right lobe there were 
.(..IS o imn.i.scf (Iciistty which sccmai characteristic of isolated areas of cirrhosis. 

'ilKloi'niin'i w-iir d' ' <*«ocJenuni was then closed and the 

. wall cln,s«l laycns about a drain. As a prophylactic measure the 

.ilKUl was given a tran.sfu.sion of whole hlood following the operation although 
her condition at the time was e.vcellcnt. 


Coiiuin >i(. ,\i opciatioii, instead of finding dilatation of the comnion 
duct as had been expected, quite the reverse was found. The comnion 
duct was niarkcdh' contracted into a very narrow fibrous tube with 
enlarged Iyni[)h glands along its course. Probing of the duct both from 
its lower end through the duodenuni and through a choledochotomy 
incision revealed an cNtreniciv small lumen Avith great thickening and 
contracture of the duct Ai’aJls. The process was aniforni thronghoiit the 
course of the hepatic aud common ducts without stone and without 
stricture. Iii the absence of the gallbladder cholecystenterostoray was 
out of the question, and without dilatation of tlie hepatic ducts liepatico- 
duodenostom}’ tvas likewise impossible. 


Postoperative Course . — On Jfarch S and 6 the patient's condition was entirely 
satisfactory. On March 7 ahdoniinaf distention began to develop along with nausea 
and vomiting. At midniglit on March 7 the pulse rate bad gone up to 140 and the 
leniporaturc down to 97 F. Siic was uncomfortable and iveak and the following 
morning was worse. In spite of all treatment, the abdominal distention persisted; 
she rapidly failed and died at noon on March 8. 

Necropsy . — Tlie postmortem e-Kamination performed on the day of death dis- 
closed; an acute generalized fibrinopuriilent peritonitis with intraperifonea! hemor- 
rhage : clironic ascending choiangeitis with periportal cirrhosis ; chronic obstructive 
jaundice; chronic infection of the common and hepatic ducts; hemorrhagic f.at 
necrosis. 


Death was evidently due to postoperative intra-abdominal hemoi- 
rhage, easily accounted for on the basis of the chronic jaundice, and 
peritonitis. The striking finding, however, tvas the uniform fibiosis and 
contracture of the liepatic and common ducts without stones atid ivithout 
stricture. Since a complete postmortem examination was made, it seems 
quite possible to exclude the factor of trauma at the time of the nst 
operation. The entire cystic duct and a tiny stump of the galih ac c ei 
were still present, and it is difficult to see how such a piocess o 
sclerosis, Avhich was generalized throughout the whole duct sj'stem, con ( 
be produced by a local injury to the duct. Microscopic ° 

the duct likewise tends to further the view that the process was m • 
matory in origin, as the microscopic studies rei'ealed a chrome 
t3'pe of choiangeitis Avith evidence of moderately actiA'e m ec lo 

present (fig. 2). 














■ Ih’CIin'IIS OP SURGERY 


Wiiipplo 'Y-cporfcd a second ease which, because of its resem- 
Jd.incc to this last one, should be mentioned here. 

• . tl ladder removed. /\( ibc time of operation the gallbladder as well 

•is the annmon .Inct appeared to be the site of chronic intlammation. At the time 
r ** the galll)ladder a large portion of (he cystic duct wms left intact. 

om.i e-scence wa.'; without event. However, seven or eight months later, iatmdice 
dei'eh.p<.d and persisted for two or three months. A second operation was per- 
Jormed. ,\t this time comiiletc fibrosis of the common and the common hepatic 
ducts wa.s found, hut there was dilatation of the right hepatic duct, and an 
anastomosis was made hetween the right hepatic duct and the duodenum. Tlie 
,'Mtienl did well for four dnys, when a separation at the suture line occurred and 
periloiiilis dci’eloped. \\ hippie stated that he was sure that in this case no traiima 
hnd Iieen responsihle, because the onset of the jaundice was so delayed. He felt that 
the condition was iindoiihfcdly the result of a chronic inflanwiation of the entire 
elTerent duct system. 

COMMENT 


From the histopathologic standpoint our two cases show essentially 
the same process in the extrahepatic bile ducts, that is, a chronic obliter- 
ating; cholangeifis, the process in case 2 being somewhat more active 
tiian that in case 1. In both instances the clinical syndrome of obstruc- 
tion of the common duct with jaundice was produced, and in each 
instance a clinical diagnosis of stone in tlie common duct was made. 

Ill case 1 there can be no doubt that the process was inflammatory 
from the beginning, as the usual factors of operative trauma and irrita- 
tion or ulceration from stones can be ruled out. In case 2 a cholecys- 
tectomy had been performed, and at that time, tlie gallbladder contained 
stones. However, the diffuse character of the lesion of tlie ducts, the 
absence of stones in the common duct at the time of the second operation 
and the failure to find any' localized stricture would tend to bar fiom 
consideration these traumatic factors, while the microscopic studies tend 
to substantiate the view that we were dealing with a diffuse inflamma 


toiy process. 

As Miller pointed out, in this group of cases there seems to le 
nothing characteristic in the clinical findings which nn'ght cause one to 
surmise the actual condition. A preoperative diagnosis in the repor « 
cases was made of obstruction of the common duct probably' (ue o 
gallstones or cancer, and the true nature of the condition was c 
only at the time of operation. In fact, there seem to be "oreha 
criteria by which the diagnosis can be definitely made, a t 
believed that when there is considerable delay m the app < ■ 
jaundice in the patient with .a long history o( reenrren. 
colic, one .night suspect the condition. 

jaundice without remission, m the absence of demoi . « 

of the gallbladder, might point to an inflammatory closure of the 
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Kcqai’din.i,' !i)cr<ii)\% when the entire system of cxtrahepatic ducts has 
herotne iin'olved, the problem of treatment is a difficult one. If tech- 
nically feasible, and the gallbladcler is found to contain bile, cholecysten- 
terosloniy seems to be a logical procedure and is probably worth while, 
although with extreme narrowing of the hepatic ducts it is easy to see 
hou’ e\rn this maj’ be unsuccessful, while in the case of a siuall con- 
tracted gallbladder such an anastomosis may not be possible. If the 
he[)atic duct remains uninvolvcd, the decision may be simpler, as in such 
a case hepaticoduodcnoslomy might be performed. 



TUMORS OF THE SALIVARY GLANDS 
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Tumors of the salivary glands constitute a large number of the 
lesions in the neck and on the face. The so-called mixed cell variety 
is the most frequent of these growths, although primary carcinomas 
occur. The close relationship of these lesions to the true malignant 
growths makes it impossible to separate them. Previous investigations 
have been directed largely toward a study of the pathogenesis, and but 
little emphasis has been given to the clinical course. Therefore, a review 
of the probable pathogenesis, the clinical course and the treatment is 
given, with a report of twenty-four cases. 

According to the appearance of the tumors, various names have been 
given: flbromyxoma, myxoma, fibromyxo-endothelioma, endothelioma, 
chondroma, chondrocarcinoma, adenoid cystic epithelioma, cylindroma 
and many others. Needless to say, they are descriptive only of the 
type of tissue. The benefit derived from such terms is merely that of 
a catalog, although the primary purpose of a pathologic classification 
should be to show, so far as possible, the clinical course and prognosis 
in an individual case. It must be remembered that benign tumors of 
the salivary glands may become malignant, and that an incorrect prog- 
nosis may be made if they are seen before or during the period of 
metaplasia. 

THEORIES OF FORMATION 

Opinions regarding the pathogenesis of the mixed tumors of the 
salivary glands have been diverse, but, for the most part, these tumors 
may be considered to be (1) epithelial, (2) fibro-endothelial or (3) 
fiiiro-epithelial in origin. Since there is a participation in these tumors 
of both mesenchymal (connective tissue, mucus and cartilage) and ecto- 
dermal (gland, tubules and epithelium) embryonic tissues, such lesions 
are justly considered to be of the mixed variety. Kux stated that the 
absence of certain epidermoid cellular content, such as fibrillation of 
the protoplasm, intercellular bridges and keratohyaline granules, does 
not speak against their epithelial nature, as epidermoid cellular contents 

From the Department of Surgery, Emory University, and the Steiner Clinic. 

1. Kux, E. : Histogenesis of So-Called yiixed Tumors of Salivary Glands 
Virchows Arch. f. path. Anat. 280:175, 1931. 
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. not he expected in juvenile, nonclffterential epithelial cells or in cells 
have heen Iransrornied into flat epithelium. Concentric formation 
01 nnxed tumors mat- he indicative of epithelial as well as endothelial 
on-in. ihe demonstration of clastic fibers in the wall of concentric 
tormatunis may sjK-ah^ in favor of endotlielial genesis. If they are 
flerived from endothelium, they originate from the vessels that have 
undergone hyaline degeneration. In the absence of elastic fibers there 
is no proof of nonendothelial origin, as they may be destroj’ed in the 
walls of the vessels, which have undergone changes. 

Ail these mixed tumors of the salivary glands were originallj' con- 
sidered to he carcinomas, csjieciall)' by- German writers. Virchow 
believed that the cartilage was derived from the metaplasia of connective 
tissue, although Cohnheim and others considered it to be a remnant 
ol the hranchial arches. The endothelial theory' was first advanced in 
lS/9 by Hartman, who stated that the polyhedral cells were derived 
from lymphatic endothelium. This theory was doubted by several inves- 
tigators, particularly by Hinsberg. who expressed his views in 1899. 
The attempt was made to prove, by embry'ologic studies, that the tumors 
arose from iin-agination of buccal epithelium, with the inclusion of 
mcsohlastic tissue connected with the mandible arches. These facts 
have made acceptable the dual origin of the tumors, namely', ectodermal 
and mesodermal, with wide variations due to the degrees of predomi- 
nance of one of the groups. 

The greatest evidence rests with the proponents of the epithelial 
origin. On the basis of extensive study, Krompecher concluded that 
these mixed tumors are epithelial in origin.- He found that the epi- 
thelial cells split off, fibrillate and take on the shape of mucoid or 
embryonal connective tissue. It has not been determined whether the 
epithelium is derived from the salivary glands. This theory is tenable 
for established growths, but some of the early growths exhibit no rela- 
tionship to the ducts or acini. This apparent defect in an otherwise 
sound theory may' be corrected by' the utilization of the bianchial origin 
without disturbing the regular laws of the histogenesis of tumois. 
Although the epithelial theory is generally accepted in this country, i 
is not universally' approved.'" 

INCIDENCE 

IMixed tumors of the salivary glands occur at all ages, although they 
are found most often in the fourth decade. Of the twenty- 
reviewed, twelve occurred during this period, and six occurre 

2. Greenberg, H.: Thirty Cases of Mixed Tumors of the Salivary Giaml.s 

Arch. Clin. Cancer Research 4:141 „ Saunders Company, 

3, Ewing, J. : Neoplastic Diseases, Philadelphia, t ■ 

1927. 
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the fifth decade. The youngest patient was 26 years old, and the oldest 
\Yas 76. There was an equal number of males and females. The parotid 
was the gland most often affected. The submaxillary gland was involved 
in only three instances, and no tumor of the sublingual gland was 
encountered. The majority of the cases were in middle-aged ])atients, 
probably because at tins period the tumor takes on activity after quies- 
cence of from two to twenty years, and this rapid growth causes the 
patient to consult a physician. At this stage there is definite evidence 
of change from a benign growth to a rapidly growing malignant jirocess. 

PATHOLOGY 

Pathologically, these tumors should be divided into two main groups : 
first, those seen early, in which there is a predominance of the meso- 
blastic tissue, and, second, those which are more cellular. In the former 
group the tumor has been present for a long period and is extremely 
firm; it is usually flattened and fixed to the substance of the gland itself, 
although it is sharply outlined and movable. Occasionally these tumors 
are irregular in shape, and they are often nodular, but most of them 
are characterized by regularity and apparent innocence, until some out- 
side disturbance causes increased activity. A thick fibrous capsule sur- 
rounds the tumor, the weakest part of which is usually located nearest 
the normal glandular tissue. On section there are whitish-yellow strands 
of pale glistening, translucent mxyomatous tissue. Between these bun- 
dles a softer and more elastic tissue is seen. Differentiated cartilaginous 
tissue is rarely found on gross examination, but microscopically it is 
often seen. Histologically, in the first group there are cords of poly- 
hedral dark hyperchromatic cells which occupy the region between the 
strands of thick hyalini.zed fibrous stroma. When the cartilage is present 
it appears as small sheets which occupy an acellular region. Occasion- 
ally there is an attempt to form palisades by piling up of the cells. 

In the second pathologic class, the growth is also encapsulated, but 
is much softer than in the former group. The tumor either appears to 
be a part of the salivary gland or is separated from it by a fibrous cap- 
sule. These tumors are representative of the epithelial predominance 
which is noted after opening the capsule in that there is a diminution 
of fibroblastic stroma. The substance of the mass is extremely friable 
and sometimes necrotic. Microscopic examination shows large groups 
of dark hyperchromatic cells, which are more uniform in size and shape 
than in the first group. The number of mitoses present depends on the 
activity of the tumor. In sections small strands of densely organized 
fibrous tissue are seen surrounding the cells. There may be attempts 
at gland formation. Occasionally the acini are perfectly shaped and 
surrounded by thick plaques of fibrous or chondral tissue. However, 
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tin; acini tiirit do occur are wmmtardy formed and are usuaiiv located 
iicaicst the normal f^damlular tissue. 


CLINICAL COUKSE 

ihc course of mi.vcd cell tumors of the salivary glands is usually 
ch.'iracteristic. As a rule, the history is that the tumor was noticed 
lirst as a small pca-shaju'd swelling in the region of the gland, which 
was given no consideration, because there was no pain or variation in 
size. J he onset is frecjucntly thought to occur following septic parotitis 
or trauma, although this relationship is probably coincidental. After 
many years of remaining dormant, there is increased activity, which 
wiries with the h'pc of cell and in which trauma may be an exciting 
factor. If the tumor is removed at this time, it is usually found to be 
benign, both grossly anti histologically'. When removal has been incom- 
jdetc, as is frequently the case, there is usually a recurrence within from 
a few mouths to two years. Growth is more rapid than that of the 
original tumor. The adjacent cervical lymph nodes are not involved 
unless the tumor is primarily malignant. 

There are few conditions from which these tumors must be differ- 
entiated. Various lymiphoblastomas that involve the nodes nearest the 
salivary glands probably offer the most trouble. Frequently a definite 
diagnosis is not made until the tissue has been examined microscopically. 
-A large calculus in the duct of the parotid, with a chronically inflamed 
gland, caused confusion in one instance. The diagnosis was evident 
U’heu a roentgenogram was taken, which should always be clone if there 
is an unusual history', particularly' in the presence of marked pain. Pam 
is absent except in cases in which the sensory nerves are invoh'ed. 
Sebaceous cysts must be considered, especially when the lesions are 
smooth and ovoid and have been present for a long period. Growths 
which have undergone cystic changes cause the greatest difficulty, 
whereas ty'pical tumors are less confusing. Removal is often required 
before a diagnosis is made, although it is best to consider all such grovtiis 
of glandular origin until they' have been proved otherwise. 


TREATMENT 

During recent y'ears there has been a widespread use of radium and 
roentgen rays, but the results in our cases do not supi»rt their ^ 

The opinion of the physicians at the Steiner Clinic is sum ar o ■ 
Sistrunk," who believed that surgical removal gives the best . 

4. Merritt, E. A. : Mi.xed Tumors of the Parotid Glands, Am. J. Roentge 

25:507 (April) 1931. n H • The Mixed Tumors of ihc Salivary 

5. Sistrunk, quoted by Patey, D. H. . f ne 

Glands, Brit. J. Surg. 18:241 (Oct.) 1930. 
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Cevtahi tumors show vmlioscusitivity, and it is these wliicli liave a pre- 
dominance of cellular elements. As a rule, complete regression of the 
tumor following irradiation is unusual. It is jirobably beneficial to 
precede operative removal with a complete course of bigb voltage roent- 
gen therapy, both for its therapeutic effect and for its value as an 
indicator of cellular activity. 

Thus, the main therapeutic measure must be coni]ilcte e.xtirj^ation 
of the tumor. In an effort to prevent injury to the facial nerve and 
the soft structures there is always the danger of failure to remove all 
the diseased tissue. Although it is well in some instances to attemiit 
to preserve the nerve, it must be remembered that only by total removal 
of the tumor can a permanent cure be effected. Since the facial nerve 
passes through the parotid gland, it is evident that it would be injured 
in complete excision of the gland. If the main branch of the facial nerve 
is severed at the time of the operation, there is a possibility of anasto- 
mosing the cut end of the nerve to the spinal accessory or hypoglos.sal 
nerve and, by reeducation of the patient, establishing a sufficient nerve 
supply to the muscles of the face. The inconvenience of peripheral 
facial nerve paralysis is offset by the knowledge that the tumor has 
been completely removed. 

In several of our cases implantations of radium seeds were made 
at the time of the operation and high voltage roentgen therapy was used 
later. This was done in cases in which there had been a previous recur- 
rence and in which it was thought to be impossible to remove the remain- 
ing tissue completely without damage to the deep structures. The 
results of such a procedure have been erreouraging, particularly when 
the tumors were definitely malignant. 

COMMENT 

The inconspicuous onset and apparent innocence of the growth cause 
the patient to delay in seeking treatment. The earliest tumor seen in 
this series had been present only seven months. Twenty years was the 
longest period before treatment, the average period being between seven 
and twelve years. It is readily seen that if treatment is given early 
there is a greater opportunity of completely effecting a cure before 
the tumor becomes malignant. 

Twenty-one cases were of the mixed cell variety, of which eleven 
were definitely benign. The remaining ten showed evidence of low 
grade carcinomatous changes. Three cases in the series showed adeno- 
carcinoma of the salivary gland, which is not a high incidence of primary 
malignancy in this organ. Whereas, in several instances malignant 
changes were present along with those of the mixed type, it is well to 
assume that the original lesion was benign. This fact was verified bv 
the clinical course of the tumors. 
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A coi))!)inntion of surgical removal with the use of roentgen tlierapy 
.iiHl mdiUMi prevented recurrences in only seven cases. There was 
leunrence of the growth in ten cases. Twelve patients are still living, 
nithough there have been recurrences in several. In seven instances the 
lesuit IS unknown. Five patients arc known to have died within from 
a few month.s to three years aft6r being treated. From these facts it 
IS evident that the prognosis is not good, as the possibility of reappear- 
ance of the lesion is very great, recurrence having taken place in more 
tlian two thirds of the cases studied. The primary growth should first 
I)c completely removed ; by this means only can recurrences be pre- 
t ented. Honxn'cr, when there is a recurrence, it must be treated more 
actively than the original tumor, because with each recurrence there is 
a tendency for the growth to become more active, thereby making per- 
manent cure Ic.ss likely. 

KKPORT OF CASES 

Cask 1. — ^frs. R. E. B., aged 28, was admitted to the Steiner Clinic on Sept. 
29, 1930. with a small iiodide at the angle of the jaw on the right side, which was 
first noticed eight years before. The swelling had been gradual, and the growth 
measured 5 by 5 hy 4 cm. The mass was firm and onlj' slightly movable. On 
October 25, an encapsulated tumor was removed. 

Pathologic exawination showed that one portion was firm, white and nodular. 
The remainder was soft and vascular. There was no gritting on cutting. Sections 
showed an edematous, mucoid structure, with large vacuolated areas surrounded b.v 
small hyperchromatic cells. No true glands were seen. These areas were sur- 
rounded hy dense connective tissue. In other portions large lij-aline bundles were 
found, with small hyperchromatic cells alongside. No cartilage or bone formation 
was seen. 

The diagnosis was mixed tumor. 

Case 2. — Mrs. R. D. C., aged 44, was admitted on Oct. 4, 1929, to the Steiner 
Clinic, with a tumor mass in tiie region of the left parotid, which had been present 
since 1922. Growth had been gradual but steady until 1924, when both roentgen 
rays and radium were used elsewhere. A period of quiescence followed this treat 
ment, but there was no diminution in the size of the tumor. A symmetrical cone 
shaped tumor mass was seen extending in front, below and behind the lobe o f w 
left ear ; it measured 4.5 by 4 cm. The skin over the mass showed marked e ec . 
of irradiation, with scattered areas of telangiectasia. On October 8 the turn 
was removed. In the center gold tubes of radium were found, which la 

inserted elsewhere. , 

Pathologic examination showed an extremely friable and edematous tissue 
measuring 5 cm. in diameter. There was a very cellular 

medium-sized and small polyhedral cells lying m an j j,,.per- 

myxomatous matrix. The cells showed a clear cytoplasm an g 
chromatic nuclei. There was no cartilage formation. 

The diagnosis was mixed tumor. 

On Aug. IS, 1930, about ten months after the operation, ! > 

2 by 1 by 1 cm. in front of the scar just under the ear. O" ^ P j gOS 

patient was operated on again: gold treatment there uv-is a 

millicurie hours of exposure were given. Follow ng 
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marked reaction to irradiation and an ulceration developed which required one 
year for healing. There was no evidence of disease on Jan. 18, 1933. 

Case 3.— Itliss L. H., aged 55, was admitted to the Steiner Clinic on July 5, 
1929. Two years before, a small lump was noticed in front of the left ear at the 
angle of the jaw. Growth was progressive until April, 1929, when the mass was 
opened by her physician, and a small quantity of bloody material was removed. 
On admission the mass was elongated and firm but not hard, and measured about 
2 by 0.5 cm. It was located just below the lobe of the left car. The tumor was 

removed with much difficulty on July 13. A portion of the facial nerve was 

severed. 

The tumor mass measured 2 cm. in diameter and was soft and translucent. Sec- 
tions showed large areas of myxomatous structure together with small areas of 
beginning cartilage formation. Scattered throughout were clumps of small hyper- 
chromatic epithelial cells without gland formation. One point showed a small area 
of parotid acini. 

The diagnosis was mixed tumor, with a tendency toward malignancy. 

Case 4. — Mrs. C. E. R., aged 56, was admitted to the Steiner Clinic on June 
29, 1932, with a small, freely movable tumor mass behind the right ramus of the 
mandible beneath the ear and attached to the underlying structures. This mass 

was noticed in 1928, at which time the patient had Vincent’s angina. On July 5 

the tumor was removed. 

Pathologic examination revealed an encapsulated tumor mass 4 cm. in diameter, 
rounded, slightly lobulated and cystic. The color was reddish blue. A cross- 
section showed cystic areas with a mucoid secretion. There was an acellular 
stroma, rather loose and edematous, in which were small collections of hyper- 
chromatic epithelium. No diffuse cellular areas were seen. Large areas were 
composed of myxomatous structure. In a few areas definite gland formation was 
present. 

The diagnosis was mixed tumor of low grade malignancy. 

Case 5. — A. C., aged 75, was admitted to the Steiner Clinic on June 14, 1929, 
with a small tumor at the ramus of the left mandible which had been present for 
twenty years. There had been no appreciable variation in size. The mass was 
freely movable and firm and measured 4 by 4 by 3 cm. On June 21 the tumor 
was removed. 

Pathologic examination showed a multiloculated cystic mass 3 cm. in diameter 
with some mucoid areas. There were masses of hyaline connective tissue with 
scattered areas of sheets and strands of hyperchromatic polyhedral epithelial cells, 
and some edematous and myxomatous areas, but no cartilage or gland formation. 

The diagnosis was mixed tumor. 

Case 6.— W. H., aged 47, was admitted to the Steiner Clinic on Feb. 2, 1931, 
with a hard mass about 3 cm. in diameter in front of the right ear. There were 
also several firm nodes in the submaxillary triangle of the neck. The entire tumor 
mass was removed and a dissection of the glands of the neck was done on February 
n. Nineteen gold tubes of radium of 12 millicuries were implanted at the time 
of operation. 

Pathologic examination showed abundant mucoid material but no calcification 
or cartilage. Sections showed broad sheets of medium-sized and small cells 
acidophilic in reaction. There were an abundant hyaline stroma in broad bands 
and an excessive amount of basophilic mucoid material. :Mitoses were scanty. 

The diagnosis was mixed tumor. 

On .-Kpril 24 there was no evidence of disease. 
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10 >0 to tl’o Steiner Clink on Mav 17 
J only to recur soon afterward fust 

r.rtl " Mi!w!tTMu,n'’ r? 

nodtihr tk-, Z " tonder. On May 20 the 

iiodulnr tissue witli imicoid inntcnal was removed. 

Sections siiorved a varied structure containing- islands of small polyhedral 
l.ypercliromatic epithelial cells in irregular arrangement, lying in a hyaline 
tiiatrix of hasojiliilic mucoid stroma. Other portions showed epithelium lining 
small glandular cavitie.s, 

I he diagnosis was nii.xcd tumor of the parotid. 

On May 27 and 30 and June 4 a course of roentgen therapy was given. 


C.A.sK h. H. L. P., aged 32, was admitted to the Steiner Clinic on Feb. 16, 
1929, with a tumor in the left side of the face, which had been present for twelve 
j ears. This had grown \‘cry slowlj' until five years before e.\amination, at which 
time the patient was given roentgen therapj'. The swelling was reduced materially 
for about one year, and then the tumor began to grow more rapidly. It was 
removed by the patient’s ph}'sician on Jan. 20, 1929. 

Pathologic examination showed a large number of strands of small epithelial 
cells, which were slightly liyperchroniatic. The bulk of the tumor was made up 
of hyaline acellular tissue appearing in bundles supporting the epithelial cells. 
There was no c\-idence of gland formation, cartilage or my.vomatous structures. 

The diagnosis was tumor of the parotid, basal cell carcinoma with hyaline 
stroma. 

The tumor promptly recurred and was again removed; sections showed mi.ved 
tumor approaching malignancy. There rvas a second recurrence, after which the 
tumor was removed on about Dec. 6, 1932, by the patient’s physician. At this time 
the sections showed masses of scar tissue, with hyperchromatic polyhedral epithelial 
cells arranged in rounded masses. The centra! portion was loose and was filled 
with a basophilic faintly granular material. There was considerable liyaline 
stroma. The patient has had four courses of roentgen therapy. 


Case 9. — Mrs. L. VV. E., aged 47, was admitted to the Steiner Clinic on Sept. 
9, 1931, with a swelling in front of the left ear. About si.x years before the patient 
had had the mumps, and the left side of the face had been enlarged since. Growth 
was rapid for four months. About two weeks before Jier admission to the clinic 
she went to her plysician, who opened the swelling and removed a portion of t ic 
tumor. After the operation the swelling increased in size, and a small fistiia 
remained. The mass measured 3 by 4 bj' 2 cm. It was hard and slightly mm a i c- 
The patient was advised to have the entire tumor removed, but refused. A biops) 
was done, and eight gold tubes of radium were inserted (2,021 milhcunc lOurs . 

One treatment with roentgen rays was given. 

Pathologic examination showed large areas of hyaline cartilage ru i 
epithelial cells. There was no gland formation. 

The diagnosis was mixed tumor. ^ 

Case lO.-W. C,. aged 38. was admitted to the Seiner Clinic 
with an enormous mass at the right side of the lower javv. The s . 

Lnty years before as a small nodule about the size of a 

jaw. Growth was slow but 193’ a small nodule was 



MARTIX-ELKIX— TUMORS OR SALIVARY GLAXPS 


735 


latcd and extended from tlie angle of the jaw downward to the clavicle and in 
front to the niidline. On May Ci the entire mass, which weighed 850 Gin., was 
removed. 

The cut surface showed large areas of necrosis, considerahle hone and cartilage. 
Sections showed large sheets of hyaline cartilage with small areas of inyxoinatoiis 
structure and masses of small acidophilic cells of the salivary gland type. 1 here 
were also sheets of large hyperchroinatic cells, many of which were pavement cells. 
Mitoses were moderate in mnnher. Scattered areas of necrosis were present. 

The diagnosis was mixed tumor of salivary gland origin, radioresistant car- 
cinoma. 

On July 24 there was a return of the tumor, and the patient went to another 

hospital for roentgen therapy. Following this treatment there was no regression, 

and the patient died six months after the removal of the tumor. 

Case 11. — Mrs. G. D.. aged 29, was admitted to the Steiner Clinic on June 30, 
1930, with a swelling in the upper part of the left side of the neck. Eleven years 
before admission, following typhoid fever, the patient had noticed a small node 
under the angle of the jaw on the left side. The mass gradually enlarged to 
about 3 cm. in diameter. It was hard, hut freely movable. On June 30 the tumor 
was excised. 

Pathologic examination showed an encapsulated tumor 3.5 cm. long and 2 cm. 
wide. The cut surface was white and firm, with scattered translucent areas. Sec- 
tions showed poorly formed acini lined with small acidophilic and moderately 

hyperchromatic epithelial cells. In other areas these cells were in diffuse sheets 

with myxomatous structure. There were many areas of hyaline cartilage with 
early calcification. 

The diagnosis was mixed tumor, myxochondrocarcinoma. 

On Nov. 22, 1932, there was no evidence of disease. 

Case 12. — Mrs. A. V. S., aged 50, was admitted to the Steiner Clinic on Jan. 9, 
1930, with a tumor near the angle of the jaw on the right side. Eleven years 
before a tumor in front of the right ear had been removed ; it had been present for 
many years. The type of this tumor was never ascertained. There was a slow 
recurrence of the growth in the region of the operative scar. There had been 
much loss of weight during the previous months. A hard indurated flat mass 
extended from the angle of the jaw forward to the center of the mandible and 
upward to just below the zygoma and behind the ear. There was a bluish dis- 
coloration on the surface of the skin in the region of the old operative scar. In 
view of the wide extent of the tumor, operative removal was not attempted, but 
the growth was treated for two and a half years with roentgen rays at regular 
intervals, with marked changes. No biopsy specimen was obtained. On Dec. 9, 
1932, there was no evidence of disease. 

Case 13. — Mrs. N. G., aged 60, was admitted to the Steiner Clinic on Aug. 4, 
1932, with a mass in the left side of the neck just under the chin, which had been 
present for a year. Growth had been very slow. The tumor was slightly tender 
and measured 4 cm. in diameter. On August 25 the mass was removed, and radium 
implants were placed in the neck. 

Pathologic sections showed abundant acellular connective tissue with consider- 
able calcification. There were a few scattered areas of medium-sized and small 
moderately hyperchromatic epithelial cells, with an occasional mitosis. One area 
showed mucoid degeneration. 

The diagnosis was mixed tumor of salivary gland origin, radioresistant car- 
cinoma of low grade malignancy. 
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f hp ^rp r ’ a Jump was noted fn the left side 

of 11 c face. 1 h,s grew very slowly and became somewhat painful. Various oinf- 
ment.s and poultices were a)>plicd tmli) iJ,e swelling became ulcerated. There was 
a hard mass bencafii the left car, extending down in the neck for about 2 inch 
(-.V cm.;. An ulceration was in tbe center of the mass about inch (1,2 cm.) 
in diameter. There was facial parali’sis. 

Biopsj showed c.xfensivc necrosis, with abundant dense connective tissue in 
ullieb were many strands of medium-sized hyperchromatic epithelial cells without 
acini formation. There was an occasional mitotic figure. 

The diagnosis was radioresistant carcinoma simplex. 

Case IS. J. E. McI., aged 47, \vas admitted to the Steiner Clinic on April 2, 
1929, with a swelling on the right side of the face. This was first noticed seven- 
teen years before when he had received a blow on the face. It remained stationary 
until eighteen months previous to admission \vhen it began to grow and cause pain 
on eating. Just fn front of the right ear was a bard tumor 3.5 cm. in diameter. 
It was fi.vcd on movement of the jaw. On April 5 a partially encapsulated tumor 
was removed. There was an abundant fibrous stroma in which were large islands 
of medium-sized hyperchromatic cells showing occasional mitoses. The connective 
tissue was acellular. Section of two lymph nodes showed them to be tbe seat of 
mefasfases. 

The diagnosis w'as carcinoma of the parotid, with metastases to lymph nodes. 
Case 16. — }. R. R., aged 43, was admitted to the Steiner Clinic on March 12, 
192S, with pain in the left side of the jaw. Four years before he had been operated 
on for a thickening in front of the ear. No definite tumor w'as found, and no 
tissue svas removed. Tliere had been marked pain and fulness in the region of the 
left ear. At the angle of the jaw, just in front of the mastoid process, a tumor 
was felt, W'hich was firm and apparently arose deep within the neck and e.vtended 
well forward. On March 30 tbe tumor was exposed, but could not be removed, 
owing to the depth and extension. A biopsy specimen was taken, which showed 
masses of connective tissue in which large alveoli were filled with small hyper 
chromatic cells arranged around a large lumen filled with mucoid material. 

The diagnosis was adenoma-carcinoma of salivary gland origin. 

The patient received several courses of roentgen therapy, with no benefit, eat i 
occurred in 1931. Autopsy showed metastases to the pleura. 

Case 17.~G. B., aged 23, was admitted to the Steiner Clinic on May 27, 2P2o, 
with a lump in the left side of the face. The tumor had been present for twe r 
years. It grew very slowly for two years, after which it was removed > 
patient’s physician. A few months later it was noticed that the tumor wa 
ring. At the lower pole of the left parotid a smooth, firm, globular, movab 
was found, which measured 3 cm. in diameter. The skm was ad ere ^ 


tumor. Two small nodules were felt below this mam mass. Preoperatne 
tion was given, and on June 12 the tumor was removed. ^ difficulty 

Pathologic examination showed dense tissue, which J g^cas 

and showed mucoid material with large areas of hyaline car g 
of glandular structure. 

The diagnosis was mixed tumor of the parotid. 

There was no evidence of the disease when the patient was last seen. 
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Case IS. R. B. R., aged *14, was admitted to the Steiner Clinie on June 6, 

1925, with a tumor in the left side of the face, which had I)een iiresent for ten 
years. Two rears licfore admission the tumor began to enlarge and cause con- 
siderable pain! Roentgen therapy was given, with some retardation of the growth. 
Immediately below the left car between the angle of the jaw and the mastoid 
process was a hard, smooth, fixed, flat tumor mass measuring 4 by 3 cm. In tlic 
posterior triangle of the neck were firm fixed lymph nodes, from 0.5 to 2 cm. in 
diameter. Two radium treatments in the form of a pack were applied to the upper 
and lower tumors. On June 20 a node was removed ; this showed dense masses 
of connective tissue with many tumor cells. 0.hc cells were large, with hyjicr- 
chromatic nuclei, and were fused. There were other areas of polyhedral cells with 
hyperchromatic nuclei. 

The diagnosis was carcinoma of the parotid. 

The patient died on December 6. 

Case 19.— Mrs. F. M. L., aged 54, was admitted to the Steiner Clinic on Aug. 

6, 1926, with a large tumor in the region of the left parotid gland. On July 21 



Fig. 1 (case 19). — A, photograph of patient taken in 1926, showing primary 
tumor of the parotid; B, photograph of patient taken in 1930, after secondary 
operation of resection of the mandible followed by a bone graft. 


an encapsulated tumor was removed, which measured 9 by 6 by 4 cm. Sections 
showed diffuse sheets of rounded cells with a fairly clear cytoplasm and a well 
marked nucleus and nucleolus. There was much hyaline material, into which the 
cells gradually merged. Other areas showed diffuse growths of epithelium of 
small rounded and polyhedral cells with hyperchromatic nuclei, forming atypical 
glands and ducts. 

The diagnosis was mixed tumor of the parotid, adenocarcinoma. 

On July 8, 1929, recurrence was noted, and a biopsy section was taken to 
confirm this fact. Gold tubes of radium were placed in the tumor. On Dec. 16 
1929, roentgen therapy was begun. On Jan. 10, 1930, roentgenograms showed 
destruction of the left side of the mandible. Resection of the left side of the 
mandible was done, which showed metastases to the mandible. Dissection of the 
neck was done on Feb. 14, 1931, after there was a recurrence of growth in the 
anterior chain of the cervical lymph nodes. On November 20 a bone graft was 
placed in the defect in the mandible. On kfarch 28, 1932, metastases were noted 
in the left occipitoparietal region of the skull. Four months later there was no 
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increase in tlic size of tlie mctastascs. The patient had six complete courses of 
roentpen therapy, including treatment of the process in the supraclavicular nodes 
and tlic skull, from 1926 to the time of admission. Gold tubes of radium were 
inserted in the nodes and recurrent growths on three occasions. On Jan. 9, 1933, 
the patient was living and doing nicely; there was no further evidence of recur- 
rences. 



. c i„ft narotid 

Fi. 2 (case 20).-A pWograpI, of P««»f. C, lo« P""' 

lion, demonstrating mitosis. ^ 

20.-T. C. E, agod 49, was f "7‘‘ 
a„ Aug, 3, I'U'. '» di.™.oo 

for twenty years. to ,^row and cause some pam- - tva= firai 
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and fixed to the surrounding structures. The tumor \vas removed, along with a 
portion of normal parotid tissue, without injury to the facial nerve. 

Sections of the tumor showed numerous epithelial cells, which \vcrc surrounded 
by dense strands of connective tissue. There were numerous mitoses in the epi- 
thelial cells, and many polymorphonuclear leukocytes were present. 

The diagnosis was carcinoma simplex. 



Fig. 3 (case 21).-.-!, photograph of patient, showing mixed tumor of the left 
submaxillary gland ; B, gross appearance of cross-section of tumor ; C, low power 
magnification, demonstrating the two types of tissue; D, magnification showing 
character of cells. 


On Jan. 28, 1933, there was a recurrence of the tumor to twice the size before 
the first removal. A complete course of roentgen therapy was given, without 
regression. The entire parotid was removed on March 10, and radium was 
implanted in the wound (2,000 millicurie hours). 
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Scclions of llic recurrent tumor showed a very active carcinoma of the parotid 
ftlaiul. 

Cask 21. — M. J. was admitted to tlie Grady Memorial Hospital on Feb. 27, 
1W2, with a tumor in the left side of the neck. The swelling was noticed seven 
years before admission after an attack of sore throat. Growth had been slow but 
progressive. The tumor was felt under the lower border of the mandible; it was 
freely movable but firm. On February 28 the mass was removed and was found 
to i)e encapsulated. It measured 6 by 5 by 4 cm. 

On cut section the tumor was firm and had a hard gritty feeling. Microscopic 
c.Namiuation showed immature alveoli. There were many hyperchomatic cells, 
which were regular in size. There were large bands of acellular fibrous stroma, 
with scattered areas of cartilage. 

The diagnosis was mi.vcd tumor of the salivary gland. 



C.S. K, aged S6, was 

ct 10, 1931, with a tumor mass m front of tl „,onths Examination 

e February. Growth had been rapid ' left ear. The 

,owed a firm tumor about 2 cm. J" ouS an extremely cellular 

,sue was grayish yellow and quite many mitotic figures. 

;sue, with a small amount of s rom . , United cellular tissue, 

here were areas that contained a compact hjmhmzed 

The diagnosis was carcinoma of the parotid 3 , „,c 

The tumor recurred within a few months and was 

teiner Clinic. • » j the Grady Jlemorial Hospital will' 

Case 23 .-C. W., aged 44, was admitted to ijc „„ 

tumor in the region of the right J „ass was firm and ova 

„„ years before aod had „a„d. I. .'^1 

.'■rsSclt S-:' V. eras .orb »r„,. ear.d.g»o.» fa- 
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tered throughout. Many hyperchroniatic cells were located between the strands 
of fibrous connective tissue. 

Case 24. — ^M. F., aged 45, was admitted to the Grady Memorial Hospital in 
September, 1932, with a tumor mass in the left submaxillary region, wbicb bad 
been present for two years. The tumor was well encapsulated, freely movable 
and not tender. It measured 6 by 5 by 4 cm. On section tbe center was found to 
be extremely necrotic and friable. 

Pathologic examination showed many large hyperchroniatic cells surrounded 
by strands of dense fibrous connective tissues. Mitoses were present. 

The diagnosis was mixed tumor with early' malignancy. 


SUMMARY 

1. The so-called mixed tumors constitute the largest number of 
growths of the salivary glands. 

2. The most widel}' accepted theory of the formation of mixed cell 
tumors of the salivary glands is that of an epithelial origin, although 
there is still some difference of opinion concerning their exact nature 
and formation. 

3. Pathologically, these tumors may be grossly divided into two 
classes, depending on the predominance of the embr^'onal tissue. The 
more cellular the tumor, the more likely is recurrence when the growth 
has not been completely removed. 

4. The use of roentgen rays and radium and early removal of the 
primary growth offer the greatest hope for cure. 

5. The prognosis, based on a study of the treatment in twenty-four 
cases of tumor of salivary gland origin, is not good either for complete 
cure or for prevention of recurrence. 

6. Following the removal of the original tumor, the recurrent growth 
becomes more malignant. 
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In jcceiit years, iitaii}' of the old, well established concepts of the 
plusiolog’}' of hone liavc been profoundi}'^ altered in order to become 
adapted to the newer beliefs. No longer is each histologic division of 
adult bone singled out b}' some one group of investigators as the sole 
bone-forming clement. The belief is growing that the processes of 
osteogenesis, regeneration of bone and healing of boity defects are far 
more complicated than u'as preAHousl}'’ thought. It is being recognized 
that these biologic manifestations are dependent on intricate biochemical 
or “humoral” phenomena with which investigators are but slightly 
familiar. As Leriche and Policard (1928) pointed out: “The problem 
of osteogenesis. has passed through many phases. It has been histological 
and surgical and at the present time it is above all chemical. . . • 

It is now the turn of the chemists and physicists. They alone can open 
up new horizons by giving us some of the certainties winch we lack. 


• CURRENT VIEWS ON FORMATION, CALCIFICATION AND DECALCI- 
FICATION OF BONE 


The authors just quoted, who are among the most thorough of 
modern workers, have elaborated the theory tliat all formation of bone 
is the result of metaplastic change in the connective tissue wheic 
bone is to be laid down. This metaplasia, they stated, takes place in 
three stages: (1) transformation of connective tissue by edematous 
infiltration, with multiplication of connective tissue fibrils, (2) infiltra 
tion by a special substance, clinically undefined, the preosseous 
substance; (3) deposits in that substance of a mi.vture of calcmni 
phosphate and calcium carbonate, producing bone. J'foreover, a orm.i 
tion of new bone at the sites of healing is accompanied by 
of preexisting bone, and in fact depends on it, for as a resu t o 
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rarefaction of bone, there is produced a localized oversupply of calcium 
which stimulates osseous metaplasia. This resorption of bone is accom- 
plished by alterations in the local circulatory activity, which these 
investigators think is regulated by some humoral phenomenon. 

Since 1923, Robison and his co-workers at the Lister Institute in 
London have amassed a wealth of evidence to strengthen the assumption 
that at least in the ossification of cartilage of young animals an enzyme 
(“bone phosphatase”) is essential. The substance has been found to 
be very active in hydrolyzing the phosphoric esters of the blood 
corpuscles and plasma to release free phosphoric acid at the site of 
formation of bone. Thus, calcification is aided by enzymatic activity, 
and “the production of the enzyme is a part of the cellular activities 
which result in the formation of bone.” 

Keith proposed that there is an intimate relationship between vascular 
tissue and production of bone. He expressed the belief that formation 
of bone is engendered by the presence of a substance, or tissue, which 
stimulates the neighboring capillary system to throw out processes to 
bring about absorption in the body. In the invading vascular buds 
are cells (derived from the capillaries or from reticulo-endothelium) 
which may become osteoblastic or osteoclastic in their action. Keith 
stated also that he considers it essential that there be present a supply 
of suitable calcium salts in solution, and possibly some enzyme. 

In each of these modern theories of growth of bone emphasis is 
placed on two basic beliefs: (1) that the calcium of the skeletal system 
is not a fixed, stable framework as much as it is a ver}' accessible source 
of calcium to the blood stream, and (2) that all the phenomena of 
regeneration of bone are intimately dependent on vascular changes. 

Relation Betzucen Circulation and Calcification . — As early as 1908, 
Patterson pointed out that apart from their function as a supportive 
skeleton the bones were without doubt reservoirs of calcium. He 
expressed the belief that they acted as storers of calcium and that cal- 
cium could be lost, relative to the other salts, by selective autolysis. 
In 1929, Bauer, Aub and Albright reported that the trabeculae of can- 
cellous bone served as a readily available supply of calcium and also 
that the trabeculae were more rapidly affected at the more vascular 
extremities of the long bones. In other words, the physiologic and 
even the morphologic characteristics of bone have been found to be 
closely bound up with the variations in its blood supply and with tlie 
fiuctuating demands of the organism for “labile” calcium. 

There is, furthermore, considerable clinical and e.xperimental evi- 
dence to support the belief that atrophy or decalcification of bone is 
accom])anied by an increased blood supply. And it is believed that 
alterations of the content of calcium (and of the vascularity) of the 
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.K-dcton prod..co definite changes in the rate of healing of bone In our 

vhlTt'l decaldfication of animals, 

1 the icsultant increased I'ascularity of bone, on the healing of experi- 
nicntal bone transplants. ^ 

Dccalcificahou and vHrofiPy. —Nearly sixty years ago, Forster first 
made the observation that with insufficient calcium in the food the 
muse cs lost 60 per cent of their content of calcium and there was also 
considerable diminution in the calcium content of the bones. Shortly 
afterward, \oit discovered that the bones of an animal on a calcium- 
poor diet were more brittle than those of a normal animal, that the 
skeleton had a smaller dry weight and that the quantity of calcium in 
all (he organs of the body was more or less diminished. Leriche and 
Policard recent!}’' stated that “in compact bone, enlargement of the 
haversian canals is the dominant sign of bone absorption” and that 
“(his is always accompanied by circulator}’- increase.” In such a process, 
the cellular structure is preserved and “the calcium phospbocarbonatc 
disappears, like the glvcogen of the hepatic cell or the fat of the adipose 
cell.” 


Jaffe has emphasized that resorption of bone is much more of a 
vascular and chemical phenomenon than an osteoclastic one. He stated 
that when there is a negative calcium balance tlie bone in the vicinity 
of the vascular canals becomes decalcified and the vascularity is increased. 
On the other hand, Eadasch demonstrated that tlie atrophy of senile 
bone is primarily an osteoclastic phenomenon involving erosion of the 
cortex from the medullary cavity. This type of decalcification is distinct 
from and dissimilar to the vascular erosion which we are discussing. 

With these considerations in mind, we became interested in the 
interrelations of atrophy, decalcification and the healing of bone. We 
attempted to determine whether when animals were decalcified by being 
given food low in calcium, distilled water and ammonium chloride the 
increased vascularity of the bones would lead to more rapid healing 
of bone. In other words, we wondered whether the healing of bone 
could be hastened if the bone were made more vascular and osteoporotic. 
Such a change is obviousl}" a chemical one, widespread enough to cause 
a definite change in the process of ossification and formation o nev 


bone. 


This idea came about through the association, several years ago, 
of one of us (Ghormley) with Aub and Bauer, m the ^ 

General Hospital. These workers were making^ some stuc les o 

calcium batence, and Ghormley had “ "'f 

wished to prepare for surgical interrention by stretch ng 
position over a period of several tveek-s.^ Aub and Ba • „ 

^ • of the beds of their service nbile tlie p 


the patient in one 
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stretching went on. At the same time, for their own study they kept 
the patient on a diet that produced a negative calcium Ijalance. At the 
time of operation a decided decrease in the density of the Ijone was 
noted. The bone could be chiseled easily without the use of a mallet. 
After operation, when the patient was restored to a normal diet, rapid 
fusion at the site of operation on the spine took place. So rapid and 
satisfactory was the fusion that we have always thought that the 
“decalcification” previous to the operation had something to do with 
the result obtained. 

REVIEW OF THE LITERATURE 

The literature on growth, regeneration and repair of bone has been 
surveyed often, and although these controversial matters have been 
frequently studied, we feel that it is a distinct contribution to assemble 
in outline all the available bibliographic material related to these subjects. 
In presenting this extensive summary of the literature, we make no 
claims to originality for the classification, because we have followed 
in part the outline utilized by Bull. 

The theories of growth and regeneration of bone can be classified 
in five groups, each view being exemplified by the statement of an 
outstanding exponent: 1. Ollier (1867) maintained that growth and 
replacement of bone are due to specific osteogenic activity of the osteo- 
blasts of the periosteum. 2. Barth (1893) said that all transplanted 
I)one dies and is replaced by proliferation of new bone from the sur- 
rounding host bone into the dead transplant. The graft is osteocon- 
ductive. 3. Axhausen (1908) supported the view that repair of bony 
defects and the replacement of bone grafts are effected by deposition 
of bone by the periosteum and the endosteum. 4. Macewen (1912) 
claimed that bone grows and repairs itself by proliferation of the bone 
cells. The periosteum serves no osteogenic function and acts merely 
as a limiting membrane to the growing bone. 5. Baschkirzew and 
Petrow (1912) wrote that all new bone is formed b}' metaplasia of the 
preexisting connective tissue in the region where it is to be laid down. 

Each experimental or clinical observation on some phase of physi- 
ology of bone we have abstracted and arbitrarily forced under one of 
these five theories. The obvious paradoxes and contradictions we shall 
pass without comment, for Groves and others have rationalized the 
divergent points of view most satisf actor il3L 

1. Groivth and replacement of bone are brought about by specific osteogenic 
activity of the periosteum. Dellamotte (1694) in a case of compound fracture 
resected subpcriosteally 6 inches (15.2 cm.) of a tibial shaft. Eight months later 
a new .shaft had formed. 

Dubamel (1742). in studying experimental fractures in animals which had been 
fed madder, determined that bone was laid down by the deep layers of the peri- 
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ol plate nt llie ends, but he did not study the epiphyses. Periosteum produced 
rone as an e.xogenous stem grows from the inner layer of the bark.” 

Subi)criosfcal resection of bones of animals and man convinced Syme (1831) 
tliat bony defects were repaired by new bone laid down by the periosteum. 

Mourciis (IS42) performed many experiments which corroborated Duhamel’s 
Mew tliat new bone is deposited by the under layers of the periosteum. 

Ollier (1867), in experiments on young dogs and other animals, found that 
tians[)lantcd periosteum produces bone, that suppuration does not prevent osteo- 
genesis, that transplanted marrow does not produce new bone, that periosteal flaps 
or iicriostcal transplants are fully osteogenic in young animals but not in adults 


and that the power of osteogenesis, if lost to the adult periosteum, can be revived 
by stimulation of the compact bone beneath. He noted that if bone is resected 
without dcstroi'ing the periosteum new bone forms and that transplanted bone dies 
when the periosteum alone is grafted. 

Cushing (1899), following Nichols' idea, resected subperiosteally a necrotic 
tibia, closed the periosteum and found later that an entire new shaft was formed 
by the periosteum. 

Grohe and Jforpurgo (1S99) found that after several hours' preservation outside 
the body, transplanted periosteum retained its vitality and osteogenic power. 

Colvin (1907) performed subperiosteal resection of entire bones for osteomyelitis 
in several cases and later found that complete regeneration of their shafts had 
taken place. 

Toniita (1908) stated that nerv growth is from the inner layer of the peri- 
osteum and from the marrow cells. The cells of the bone itself have no power to 
form new bone. 

Nakahara and Dilger (1909) found that free transplants of periosteum caused 
regeneration of bone in a fair proportion of cases. 

Zondek (1900), after a study of experimental fractures in mice, attributed an 
osteogenic function to the periosteum in the formation of callus. 

Janeway (1910) reported on bone grafts in man. The implanted bone dies, he 
said, but is replaced by the periosteum and marrow, which live. 

Pochhammer (1911) stated that the periosteum produces cartilage and bone 


after fracture. 

Carrel (1912), working on dogs, found that periosteum transplanted under tie 

skin produced bone. . . 

Trinci (1912) stated that transplanted periosteum is capable of causing cari 

regeneration of bone. ... , ...i, 

Jokoi (1912) produced new bone in six of ten cases by npectmg enc 
skin or into the muscles an emulsion of periosteum of the tibias o young ° ’ 
Haas (1913) demonstrated that regeneration of bone is not ^epen en 
the presence of preexisting bone. Regeneration of bone was nerer 
except when periosteum was present. omentum, 

Schepelmann (1913) said that periosteum when ^one. It is 

mesentery, liver and other organs caused grow F - „,e cell and to 

important, he stated, to preserve vascularity and the mte„r . 

use the entire periosteum. . ti,c 

Oechsner (1914) staled that after the 
periosteum causes reseneration of complete shafts of bon . 
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Mayer and Wchncr (1914), in cxpcrimcnls on animals, found lliat transplanted 
periosteum produced new bone. Adult bone cells demonstrated no proliferative 
ability. “Most of the bone cells of the transplant eventually die,” they wrote, 
“tbougb frequently the graft is revascularized sufficiently early to preserve some 
of the bone cells. New bone growth is dependent upon activity of the periosteum 
and the endosteum.” 

Haas (1914) wrote; “It is apparent that the periosteum is very actively con- 
cerned in the regeneration of bone.” 

McWilliams (1914) stated that in some cases transplanted periosteum produces 
new bone. The life of the graft is dependent on a sufficient blood supply. Trans- 
plantation of periosteum with the bone insures an adequate blood supply. 

Todyo (1917), in e.xperiments on dogs, found that many of the components of 
the graft survived, particularly the periosteal and subperiosteal tissues. “The peri- 
osteum will actively form new bone,” he wrote. 

Berg and Thalhimer (1918) wrote; “Fully developed bone cells, in the accepted 
sense of the term, that is, cells within well calcified lacunae, have never been shown 
by microscopic observation to have divided and formed new bone.” Other views 
of these investigators were as follows: The periosteum of a living autogenous 
graft remains alive after transplantation, and thereby the life of the transplanted 
bone is maintained. Periosteum devoid of adherent bone cells, when transplanted 
into foreign tissue, produces bone. Endosteum and osteoblasts lining the haversian 
canals in bone transplants produce bone very actively. The cambium layer, when 
adherent to transplanted cortex, produces bone. 

Mayer (1919) wrote; “The fully developed bone cell has no power of division 
and bone growth results from the activity of cells lying between the bone and outer 
layers of the periosteum.” 

From a report of Delangeniere and Lewin (1920) the following statement is 
quoted : “One can be certain that a layer of bone, with its periosteum, produces 
new bone and that this bone gradually grows and replaces lost bone.” 

Todd (1920) expressed the following belief; “Cancellous tissue (endosteum) 
is one of the chief agents in regeneration of bone, and, like the cambium layer of 
the periosteum, should be treated conservatively at operation. Compact bone plays 
a very minor part in regeneration.” 

Simon (1922) stated that living autoplastic bone with periosteum is the ideal 
graft, since the periosteum aids in proliferation and revascularization of new bone. 

Kolodny (1923) wrote; “An adequate blood supply of the periosteum is essen- 
tial for normal union of fractures. The periosteal callus plays a far greater role 
in union of fractures than the endosteal callus.” 

2. All of the transplanted bone dies and is replaced by proliferation of new bone 
from the surrounding host tissue. Barth (1893), in transplanting bone to trephine 
holes in the skulls of dogs, found that all the elements of the graft died and were 
absorbed and that new bone proliferated from the surrounding living bone. The 
final success in grafting depended largely on intimate contact between the graft 
and the living vascular bone. The periosteum, cortex and marrow died, and all 
the I)one acted at first like a foreign bodj'. The graft was gradually replaced by 
new-formed bone from the adjacent bone-producing tissue. This is the process 
called “creeping replacement.” (In 1908, Barth repudiated this idea and came to 
believe that the periosteum was the necessary element in the life of a graft.) 

Marchand (1901) stated that bone is replaced by proliferation into the necrotic 
substance of young bone cells from the surrounding cortex. 
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Gallic (1914) transplanted bone without periosteum in dogs. The bone grafts 
died and were rcvascuiarized. Dead bone was resorbed and new bone produced by 
the bone cells, which invaded the grafts along the route of the new vessels. 

^ Brown and Brown (1915) stated that all transplants are ultimately absorbed. 
1 he pcriostcuin seems to have little influence on the early establishment of a blood 
.supply. 

Ely (1919) wrote: “Three things are necessary for bone formation; 1. Blood 
\ csscls. 2. Loose meshed fibrous tissue, a homogeneous matrix of granular or 
necrotic material. 3. A stimulus, phy'siological or pathological, as the case may 
... It is seen therefore that neither periosteum nor marrow is necessary 
for bone formation and that neither of them forms bone, in the proper meaning of 
the word.” 

Gallic and Robertson (1919) said that when bone is transplanted, the cells on 
tile surface or in tlie haversian canals may live and proliferate; the remainder die 
and arc absorbed. New bone proliferates on the periosteal and endosteal surfaces 
of the graft. 

Ely (1924) stated that when a piece of bone is transplanted to the soft tissues 
of an animal, the bone and its marrow die; soon vascularization of the marrow 
begins, and shortly' thereafter, formation of bone. 

3. Replacement of bone grafts and repair of bony defects are effected by pro- 
liferation of bone from the periosteum and the endosteum. Radzimowsky (1891) 
said that when living, periosteum-covered bone is transplanted, the bone tissue 
proper dies, but the periosteum lives and produces new bone, which is deposited 
not only on the surface of the transplanted dead bone but in its lacunae and ni 
the enlarged haversian canals. 

Bonome (1885), in studying fractures in rats, found that bone in the immediate 
vicinity of the fracture died. His belief was that it was resorbed and replaced 
by new bone which was formed from the osteogenic layer of the periosteum. 

Nichols (1904) stated that repair of a bony' defect occurs by proliferation of 
epithelioid cells from the periosteum, accompanied by blood vessels, and by pro- 
liferation from the layer of cells lining the inner surface of the cortex (endosteum). 
The cortical bone seems to have a very' limited or no power of proliferation. 

Axhausen (1908) performed and reported in detail 146 e.xperiments on anima s 
with many different types of grafts. He wrote ; “There is marked cellular pro- 
liferation under the periosteum, also the marrow showed proliferation, ^bsorp i 
and production of new bone under the periosteum, by proliferation rom f 
teum, and around the new vessels which penetrate the dead bone. . • ' 
chief source of the young bone which replaces the necrotic bone of the 
fs the periosteum, next in order comes the marrow and endosteum. 

Lawen (1908) for removal of a malignant growth 
humerus of a boy, aged 8 years, and replaced it with a 
arm was amputated eleven weeks later owing to -cu-nce^^of dm g 
The graft was richly vascular, and bone cells . ^tind the new 

periosteal and endosteal proliferation, and new bone was tormi g 

vessels. 
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Lobenhoffer (1910) expressed the belief that in a transplant tvitli perioslenin 
the cortical bone dies and is absorbed and the periosteum remains viable and pro- 
duces new bone. 

Albee (1913) wrote; “It is believed that periosteum and marrow substance on 
the bone graft serve an important role in aiding to establish an early and more 
abundant blood supply from the recipient bone to the transplant. ... It seems 
very probable that the amount of haversian blood supply is in a very large degree, 
if not wholly responsible in determining whether the bone graft lives as such or 
acts as an osteoconductive scaffold.” 

Lexer (1908) stated that the bony tissue of a transplant is gradually absorbed 
and is replaced by bone which is formed from the periosteum chiefly and from the 
medulla in part, and that the periosteum also aids in cementing the graft to the 
wound and in stimulating capillary invasion and early nutrition. 

McWilliams (1914) expressed himself as follows: “The living graft should 
be transplanted always with the periosteum on it. This is most important. . . . 

It seems probable that the influence of the periosteum is exerted in maintaining the 
nutrition of the graft.” 

Phemister (1914) wrote; “Osteogenesis in bone repair occurs from the inner 
layer of the periosteum, from the endosteum, and to a much less extent from bone 
cells and fibrous contents of the haversian canals.” He stated, furthermore, that 
the viability of a transplant depends on the ability to secure nourishment; there- 
fore, the outer cells survive and proliferate. 

McWilliams (1914) again wrote; “The periosteum survives because of its 
sufficient blood supply from the surrounding tissues. Its inner surface forms osteo- 
blasts which themselves proceed to reform the bone of the graft, in the event that 
the osteoblasts within this have died from a deficient blood supply.” 

The following passage is quoted from Albee (1914) : “The endosteum, marrow 
substance and periosteum should be included on the graft, as they play a most 
important role in aiding to establish an early and sufficient blood supply from the 
recipient tissues to the cortical part of the graft. The endosteum is also actively 
osteogenetic as well as the inner layer of the true periosteum.” 

Haas (1914) expressed the following view: “The periosteum is directly and 
actively concerned in the regeneration of bone. The regeneration of bone also 
takes place from the marrow but to a more limited degree.” 

Gill (1915) transplanted entire metatarsal bones in dogs and noted good healing 
in most cases, with little necrosis of bone. He stated: “Revascularization of a 
graft takes place early and first reaches the exterior — the most vital portion of 
the graft.” 

Brooks (1917) wrote: “The living bone transplanted with the periosteum and 
endosteum is the only type of implant which has osteogenetic properties. 
Osteogenesis is from the junction of the periosteum and cortical bone rather than 
from either alone.” 

Nathan (1921) expressed his belief as follows: “Bone is produced solely by 
osteoblasts. The osteoblasts are always confined to the cambium layer of the 
periosteum or the endosteum. The osteoblasts are also found in the bone marrow.” 
Bone grafts, he said, should include the periosteum and the endosteum. 

Albee (1923) said that most of the blood supply to a graft is derived from the 
marrow and that an early blood supply is essential to the life of a graft. 

KUnkerfuss (1924) wrote; “Solid bone grafts in the main die, are absorbed 
and replaced by new bone tissue resulting from the proliferating of osteoblasts of 
the periosteum, endosteum and haversian canals.” 
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c/! loste'm, "'Ti,r,"r ■ and the 

r ■ ■ ’ "■ The periosteum plays 

.1 relative)}- more active part than the endosteum.'’ 

and niarrou- and endosteum does not take part in bone formation. . . . Bone- 
nn nng jiowcr is found only in specific bone-building tissues (osteoblasts of the 
Iienosteum and marrow endosteum).” 

Ivartaschew (1930) stated that the periosteum and the endosteum are important 
m transplanting bone. Small chips of bone permit circulation to reach the haversian ' 
canals earlier and aid the endosteal proliferation. 

Ilaldcnian (1932) said that the periosteum plays the chief part in the healing 
of fractures. Lndosteal (medullary) callus aids in the healing of fractures but in 
the absence of periosteum is often unable to complete the union. 


4. T/ir pcnostciiiii has no ostcogeuctic junction. Bone grotvs and repairs itself 
hy proliferation of the bone chips. Havers (1692) studied the microscopic struc- 
ture of hone and determined that the periosteum is merely a connective tissue, a 
limiting membrane which vascularizes the bone. 

Macewen (1912) said that the bone cells of the cortex, occupying the lacunae 
of the bony substance itself, are the active agents in the life and regeneration of 
a transplant. The periosteum is only a limiting membrane and takes no part in 
osteogenesis. The periosteum acts merely as a “limiting membrane to the osteo- 
blasts issuing from the interior of the bone. . . . The vegetative capacity of 
the bone cell is fully as great as that of the epithelial cell.” The periosteum is the 
medium through which the bone gains some of its blood supply, but it is not indis- 
pensable. Many cases have been reported in which subperiosteal resections of 
bone were made and in which there was no replacement by bony tissue. Dia- 
physeal bone is reproduced by the proliferation of osteoblasts derived from pre- 
existing osseous tissue. Regeneration takes place independently. “The periostcuiii 
plays no part in the reproduction of bone after transplantation.” 

Geddes (1912) wrote; “Bone derives from the ectoderm and not from meso- 
derm. Osteoblasts arise from the cells of the ectoderm and migrate as individuals 
to the sites of bone formation, passing through the periosteum en route. Peri- 
osteum, far from being an osteogenetic membrane, is a limiter of bone formation. 

McWilliams (1912), in using ribs in experimental transplants, found that (be 
periosteum seemed to hinder the early development of a blood supply. It scrrcf 
no osteogenic function. 

Vogt, after subperiosteal resection of the shaft of a humerus, found no cri c.uc 


of regeneration of bone. 

Gallic and Robertson (1914) studied the healing of defects produced in oi ■ 
of young and old animals. The periosteum, they thought, is merely a , 

brane without osteogenic function, and osteogenesis appears to be solely a P i 
of the endosteum and to be as energetic in the absence as m the presen 


Bancroft (1914) made studies on the healing of j,, conserve 

He wrote : “The periosteum acts as a limiting membrane grmv 

ts shape and to furnish its blood supply.” Small pieces of transplanted bone g 

,vithout the aid of periosteum. j j,ninw!-'. 

Moore o„d Corh.t (1914), in expertaenl.l 
:„„„d Itot fascia is a suitable inbstitotc for pcr.o tennr. F«™® 
essential element in the healing of bone,’ they stated. 
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Cohn (1914) wrote: “We believe that small bony transplants arc ostcogenetic 
and not essentially ostcoconcluctivc. The periosteum has no ostcogenetic function, 
but is rather a limiting membrane. Periosteum is not essential to the repair of 
defects in bone.” 

Lewis (1914), after clinical observations, concluded that gaps in bone are filled 
by growth from the ends of the divided shaft under periosteal limitation and control. 

Groves (1914 and 1917) expressed the belief that the periosteum is the product 
and not the mother of bone. All the osteogenic properties of the periosteum are 
due to the more or less accidental presence of the outer layer of bone cells adherent 
to its deep surface. Living bone is the chief source and origin of callus, which 
grows mainly from its outer or periosteal surface. The periosteum is chiefly a 
limiting membrane of the bone. The dense bone can live, grow, undergo repair 
and produce fresh periosteum after the periosteum has been removed. 

Davis and Hunnicutt (1915), after experiments on dogs and rabbits, concluded 
that periosteum alone (even when osteoblasts are demonstrated) does not produce 
bone when transplanted. Periosteum with bone shavings attached produces new 
bone, they said. Particles of bone and accompanying osteoblasts are necessary for 
the production of bone. Periosteal flaps when attached by pedicle to the bone still 
do not produce bone. The nourishment of bone is in no way affected by the strip- 
ping off of the periosteum. The periosteum acts as a limiting membrane. Growth 
of bone into defects is from the shaft itself. 

Cohn and Mann (1916) stated that the periosteum is a source of added blood 
supply and a limiting membrane. The endosteum and the cortical osteoblasts lying 
under the periosteum are the sources of formation of callus. Transplants are usu- 
ally absorbed. 

Dobrowolskaja (1916) cultured, incubated and studied small pieces of bone of 
animals. There was definite evidence of proliferation from the detached pieces of 
cortical bone. He expressed the belief that when the bone is transplanted with 
its periosteum the growth is evidently more active. 

S. Nnv bone is formed by metaplasia of the preexisting connective tissue in the 
region where it is to be laid doivn. Von Haller (1766) wrote: “We cannot y^et 
distinguish the bones themselves of which the first appearance is mucus. . . . 
Thus the muscles, by their action, draw out the processes from the bone, and dilate 
the small cavities into large cells; and likewise incurvate the bones and variously 
modify their shape. . . . The bones at first are soft and of a mucous nature; 
then they acquire the consistence of jelly; and this afterwards becomes a cartilage, 
without any change of parts, as far as can be observed. Cartilage however is not 
so imperceptibly converted into bone. It never happens without the red blood 
making a passage for itself into the vessels of the bones. Round these vessels are 
formed cellular texture and laminae, which the vessels themselves seem to compress 
into a medullary tube. . . . But even a bony callus never becomes sound till 
newly formed red vessels have penetrated its substance. . . . The periosteum 
covers the bones as membranes the viscera ... nor does the periosteum at 
all adhere to the bone, except in the epiphysis.” 

Hunter (1786) wrote as follows: “Bones receive most of their nourishment 
from the surrounding parts, as from the periosteum. . . . Bones grow by two 
processes going on at the same time and assisting each other; the arteries brin-r 
the supplies to the lx)nc for its increase; the absorbents at the same time are 
employed in removing portions of the old bone, so as to give to the new nroner 
form.” '■ 
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B.irfh (1895) placed n piece of incinerated bone in the peritoneal cavity of a 
cat. i)i.v Avccks later he found it penetrated by connective tissue and in several 
places by true bone lined by osteoblasts. 

_ Pollack (1903), in e.vainining lungs obtained at one hundred postmortem e.xam- 
inations, was able to demonstrate the presence of osseous nodules in sixteen cases. 
He c.vprcsscd the belief that old scar tissue forms osteoid tissue and bone by 
metaplasia. 

Sacerdotti and Frattin (1902) found bone plaques in the kidneys of three of 
four rabbits of which the renal v'cssels were ligated. In two cases the ureters were 
tied. True cortc.x', periosteum and endosteum were present. 

Poscharisslcy (1905) produced bone in a rabbit’s kidney in from three to four 
months by ligating the vessels. 

Ma.Kimow' (1906) found bone as early as five weeks after ligation of the renal 
pedicle. 

Liek (1906) ligated the renal vessels of sixteen rabbits. In four he ligated 
the ureter as well as the vascular pedicle. He concluded that the necessary require- 
ment for formation of bone is young connective tissue near deposits of calcium. 

Bunting (1906), after studying sclerotic aortas, wrote: “The factors in meta- 
plastic bone formation in vessels are extensive sclerosis with the presence of cal- 
cium deposits, traumatic or inflammatory disturbance in the calcified area, with 
penetration by granulation tissue and the formation of bone.” 

Han’ey (1902) applied irritants to the wall of the aortas of rabbits to induce 
degeneration. Bone, haversian canals and marrow were formed, and Harvey stalcci : 
“New bone formation commences in areas previously necrotic. This process of 
new bone formation is one of metaplasia of connective tissue.” 

Buerger and Oppenheimer (1908) expressed their view's as follows: It 
generally conceded that the presence of lime and young connective tissue is essenti.d 
to heteroplastic bone formation. Due to some stimulus, vessels penetrate the dis- 
eased mediae, young connective tissue proliferates and comes in contact with Imic 
deposits. True bone is formed.” 

Pearce (1909) wrote; “True bone was found in the scar tissue of the kidney 
in six animals. Bone formation occurred as thin lamellae in the scar tissue immc 
diately beneath the mucosa of the pelvis.” , . 

Baschkirzew and Petrow (1912), on the basis of experiments on ^ 
of clinical observation, elaborated the theory that regeneration of bone takes p^^^^ 
by metaplasia from the surrounding connective tissue cells. The majority ° ^ 

transplants soon die ; then young connective tissue cells penetrate into 
and haversian canals and are converted into osteoblasts and bone ceils. . 

tion of the periosteum is not essential to the life of the “ j^rromicling 

is useful in causing more rapid union between the transp an a ,'mnu!.'e to 

tissues, in hindering resorption of the transplant and m giving i 

formation of new bone. the bkrxl 

Todd (1912) wrote: “Osteoblasts do not enter „„dergonc 

vessel tracks, but are fibroblasts or connective issue e 
certain characteristic modifications and may or may not P 
chondroblast stage.” 
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Strauss (1914) made ureters cxperiinenlally from the abdominal wall. Bone 
formed in the layer of the fascia transversalis. No degenerative changes had taken 
place where bone was formed. The bone that had formed closely resembled normal 
bone. 

McWilliams (1914) stated: “Connective tissue seems to be essential in the 
formation of bone. Osteoblasts are indistinguishable from fibroblasts. The first 
occurrence in bone formation is the arranging of fibroblasts (osteoblasts) around 
a blood vessel. In this new fibrous tissue calcium is deposited by some unknown 
influence, which goes on to the formation of bone. . . . There is some other 
factor making for the life of grafts than the periosteum or contact with living 
bone; and this I take to be a sufficient blood supply.” 

Moschcowitz (1916) reported several cases of calcification or ossification in the 
ovarj'. “Blood vessels, osteoblasts, bone cells, and marrow (in large part at least) 
are merely differentiations of the mesenchymal cell unit,” he wrote. 

Neuhof (1917) wrote: “In fascial transplants into experimental defects in the 
urinary bladder, macroscopic plaques of true bone appeared. . . . That previous 
bone or periosteum is not necessary for the formation of new osseous tissue was, 
of course, demonstrated by finding such tissue developed in situations far removed 
from the skeletal system. . . . The periosteum-like layer ensheathing the bone 
plaques can be accounted for satisfactorily on the theory of metaplasia of adjoining 
connective tissue and similarly, metaplastic changes in connective tissue included 
between the bone trabeculae will explain the development of bone marrow.” 

Asami and Dock (1920) ligated renal vessels and ureters of rabbits, and bone 
plaques formed later. Young fibroblasts accumulated to form a membrane-lined 
structure. Formation of bone began in the loose vascular connective tissue, close 
under the transitional epithelium of the calices. 

Phemister (1923) found that in fascial transplants to the bladders of dogs (the 
urine of which is always acid) bone always formed. In similar transplants in 
rabbits and sheep (the urine of which is alkaline) there was no calcification or 
ossification. Lime salts were deposited from the lymph or blood in the portion 
of the transplant bordering on the lumen, where nutritional conditions were poorest, 
necrosis was greatest and the acidity was increased by contact with the acid urine 
of the bladder. 

Leriche and Policard (1926) stated: “1. The formation of bone is the result 
of a metaplastic change in the connective fundamental substance. This metaplasia 
takes place in three stages : (a) transformation of the connective tissue by an 
edematous infiltration with a multiplication of connective fibrils; (b) infiltration 
by a special substance, chemically undefined — the preosseous substance ; (c) deposits 
in that substance of a calcareous mixture of calcium phosphates and carbonates. 

“2. Osseous metaplasia can occur in all types of connective tissue; embryonal 
type, fibrous type, etc. The numerous forms of osseous tissue, as found among 
man and animals, are the result of that process. 

“3. In osseous metaplasia, the cells do not play the part classically attributed 
to them, that is to say the osteoblasts do not secrete directly osseous substance 
between the cells. Such a conception is erroneous. The osseous transformation 
of connective tissue is a phenomenon independent of all cellular action. It is an 
interstitial and humoral process. . . . The periosteum is modified (to an 
embryonal state) by a change of circulation or by edema; it becomes then a ground 
for ossification. It is passively ossified— it does not make bone in an active 
manner.” 
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c<|iii!.-()rin,n. ^ 

nf fl'I ‘!>e formation of new bone depends on the resorption 

In ^ of rarefaction of bone there is produced 

.. local, ovcrsnppij- of calcium, which provokes an osseous metaplasia in the 
surrotmdmg connective tissue. 

“ i'he rc.sorptfon of hone is specially directed by humoral phenomena, dependent 
on the circulatory activity in the hone." 

ICcith (1927) stated that many cases have been reported in which bone formed 
in the scars left by laparotomy. Osteoblasts, which are directly concerned in the 
formation of bone, arc probably not transported by the Wood stream. Fibrous 
tissue anywhere can produce hone if it reverts to embryologic fibroblasts (embr)*- 
onal state) or edematous fibrils and if calcium is present. As the arteries 
proliferate, lamellae of bone appear around them. The cells which assume a bone- 
forming role arc derived from the endothelium of the capillary s 3 'stem or from 
the rcticulo-cndothelium. Perhaps the action of an enzyme is necessary to stimulate 
this proliferation. 

Huggins (1931) found that when the urine has been diverted from the bladder 
of the dog, bone still forms in a fascial transplant to the wall of the bladder. The 
bone forms only in the transplant, and the newb" formed epithelium of the trans- 
plant is the essential factor in the osteogenesis. 

.Abbott and Goodwin (1932) stated that the mucous membrane of a dog’s 
bladder when transplanted into muscle forms an epithelium-lined c^'St wherein new 
bone is deposited after twenty daj's. 

PURPOSE AND iVETHOD OF EXPERXJIEiVTS 

Tlie preset] tatioii of such a time-worn subject as experimental trans- 
plantation of bone can be justified only if some different type of e-xpert' 
mentation has been emplo^^ed. Our efforts have been particularly along 
two lines. Our first purpose was to determine what difference, if any, 
could be noted in the rate and the type of healing of grafts taken from 
bone of different regions or different structures; (1) cortical bone o 
the tibia, (2) cancellous bone of the tibia, (3) spongy bone of the ilhnn, 
(4) periosteum and (5) chips of bone elevated in situ along the spina 
column, as in the Hibbs fusion operation. Our second purpose was to 
determine what, if any, effect on the rate and the type of healing coii f 
be produced by “decalcification” of experimental animals. 

Adult dogs were selected for all the experiments. The animals were 
condition. The dog’s spinal column is not unlike that of man and i 

for bone-grafting procedures. _ 

The operations were performed under ether anesthesia with 
teclmic. Spinous processes (usually four at a time) were expose ^ 
tion tvas carried down along the laminae, exposing them far as 
to the articular facets. Bone grafts were then taken ^ 

thickness of the cortex being used. These grafts f ' u.d 

cortical and endosteal or cancellous portions, separate 

as a transplant to the prepared bed along the spine, each hem. p)a 



ghormlby-stuck-bone transplantation 


755 


portion of the prepared bed. In addition, a portion of tlic posterior crest of the 
ilium, including the posterior superior spine, was removed and used as a transplant. 
Thus, four separate pieces, three of hone and one of periosteum, were used in each 
operation, and each was placed in a separate part of the prepared bed along the 
spinal column. 

Up to this point two animals had been used, and the same operation performed 
on each. After approximately thirty days the same procedure was repeated on 
each animal in another part of the spine. Thus in each animal we had two opera- 
tive areas, so that there were four operative experiments. In addition, we carried 
out the Hibbs operation on two pairs of animals. This operation also was done 
twice on each animal at an interval of approximately thirty days. All of these 
experiments were repeated a like number of times on our four decalcified animals. 
Thus we were able to compare the amount of formation of new bone about, the 
various types of transplants. The animals were killed approximately three months 
after the first operation; therefore, we had comparative data on transplants made 
two and three months previously. 

All the animals were treated with sodium alizarine sulphonate (alizarine red) 
after the first operation in order to obtain vital staining of the specimens. This 
substance was used after the manner described by Bauer, Aub and Albright. 

After each dog had been killed, the entire spinal column was removed. Sections 
were taken for microscopic study from each of the regions where a graft was placed. 
The remainder of the spinal column in most instances was macerated (in a solution 
of potassium carbonate 30 Gm. and sodium sulphide 15 Gm. for each liter of water) 
in order to get rid of the soft tissue and to allow the changes in the bone itself to 
be observed. 

Roentgenograms were taken in most instances sixty and ninety days after the 
first operation. Studies of these roentgenograms in comparison with the specimens 
will be presented. 

Microscopic sections of the regions of operation, showing the behavior of the 
different types of grafts, have been made. The picture differed both as to the 
length of time in situ and as to the type of graft. The calcium balance of the dogs 
also differed. Comparative study of these sections offered some interesting facts. 

In order to study the effect of a decreased calcium content in the dog, certain 
animals were given diets low in calcium, composed of boiled rice, fish, distilled 
water and ammonium chloride. This regimen was continued for approximately 
thirty days before the first operation was performed. The diet was maintained up 
to the time of the first operation, after which a normal diet was resumed. By 
this means, some degree of decreased or negative calcium balance could be obtained. 
It is our belief that this decrease could be carried much further, with perhaps a 
more striking effect on the behavior of the transplants. 


STUDY OF SPECIMENS 

The study of the gross specimens revealed in all instances except 
two solid union between the bone graft and the bone of the host. The 
periosteal grafts, however, gave no evidence of formation of new bone. 
In the two instances in which grafts were not united and there was little 
or no evidence of formation of new bone, there were infected wounds. 
In all instances except these two, the wounds had healed solidly and there 
was no evidence of infection. It should be noted that no type of fixa- 
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caiUs (o be descnbcd were m anj^ way affected. 

I he effect of the sodium alizarine sulplionate was easily noted in aii 
cases. Aot only the newly formed bone but the surrounding bony 
structure, wiiercver it bad been touched by the operative procedure, was 
stamed bright red. Thus the spine and the tibias as well seemed to be 
stained as far back as the soft tissues had been reflected at the time of 
the operation. No difference could be noted in the different types of 
tiansplanls, nor could any appreciable difference be made out between 
tiausjrlants in normal and those in decalcified animals, so far as tlie 


amount of vital staining was concerned. The staining of the new bone 
deposited was vivid in most instances. 

In the study of the microscopic sections, much more accurate infor- 
mation regarding the relative stages of formation of new bone was 
gained. A description of these changes follows. 

Cortical Graffs . — There was a definite tendency toward diminished 
condensation of the transplanted bone. However, in none of our cases 
was there what might be called complete death of the graft, or anything 
approaching it. Tlie grafts gave ecudence of union in most instances, 
but at the end of three months union was not so extensive as in the 
grafts taken from cancellous bone. The type of new bone formed in 
the decalcified animals seemed much more “active”; that is, this bone 
was in most instances made up of chondro-osteoid tissue which was 
rapidl}'’ turning into bone (figs. 1 and 2), whereas the tissue binding 
the cortical grafts to the spinous processes in the animals that were not 
decalcified w’^as firm connective tissue, not giving evidence of much actual 
formation of new bone (fig. 3). In spite of this, in all instances but 
one gross examination of the specimens disclosed firm union between 
the graft and the host, apparentlj^ with laying down of new bone, or at 
least with deposition of calcium in the tissues connecting the graft to 
the host, as demonstrated by the presence of the alizarine red in the 
tissue. 


Graffs from Cancellous Bone of flic Tibia. —These transplants were 
taken from the tibial grafts ; that is, the endosteal or cancellous portion 
of each tibial graft w^as removed and implanted along the laminae as a 
separate graft. On gross examination all of tliesc pafts 
were well united, and all were well stained. In the 
the appearance was so similar to that shown by the gra 
the cancellous bone of the iliac crest that one description will .suiUt - 

Graffs from fhe Cresf of fJie ///inn. -These grafts , 

osteotome from a point 1 cm. below the posterior super P 



Fig. 1. — Section from a decalcified animal sixty-one days after operation. In 
tlie cortical graft (a) the vascular spaces are of increased size because of decalcifi- 
cation. The view of area b under higher power magnification shown at the left below 
gives marked evidence of formation of chondro-osteoid tissue. The cancellous graft 
(6) shows similar changes, with active formation of chondro-osteoid tissue. A 
view of the area b under higher power magnification is seen at the right below. 

of the iliac crest, although no larger than those of the tibia, are more 
numerous and more closel}" packed together, giving the appearance that 
the bone is much heavier. The union between these grafts and the 
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now hoiiy (rahcciilae had forujcd in^sivtv rhv ' /" mstanccs, 

-iwiy „„,o,i .„e ,.„„o „r.,.c 








Fig. 2. — Section from n ckxnlciricd aninwil cighty-two days after operation. I U' 
cortical graft (a) is .shown at a later stage (lian that represented in figure 1. There is 
less evidence of osteoporosis. The tissue connecting the graft to the host is more 
advanced hone, A view of area a under higher power niagnificatiou is .seen at (he 
left below. The bed of the periosteal graft (b) shows no formation of new /^'U'- 
A view of area b under higher power inagnification is seen at the right below. Iht 
spinous jwoccss of the host is designated by c. 


iiunicfoiis and finuly bound to the aphiaus processes nnd Jaintnae. fhi 
gross e.\'ami!tatioii this w'as easily dctiionstrahlc, and tlie inicrosio/"' 
appearance seemed to bear it out. 
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Fig, 3. — Section from a normal animal eighty-eight days after operation. There 
is firm bony union between the cancellous graft (a) and the bone of the host. 
A view of area a under higher power magnification is seen at the left below. The 
cortical graft (fi) shows only fibrous union with the bone of the host. A view of 
area b under higlier power magnification is seen at the right below. The spinous 
process oi the host is designated by c. 




(■’Xifis of Prnostcum . — Jn none nf ni,r 

of periomann so.n , expeninents did the trans- 

the transplant or fro.n the horiflsLT^r^nd 4)" Bef’ " t’" 



Fig. 4. — Section from a normal animal fifty-six days after operation. Tlie 
spinous process of the host is designated by a. The cancellous graft (If) is unifed 
to the bone of the host by trabeculae of completely formed bone. The region (r) 
where the periosteal graft was implanted gives no evidence of formation of new 
bone. 


bered that none of our animals was jmung. The periosteal transplant in 
all cases was obtained from the front of the tibia from wltich the gra 
was removed. In most instances it consisted of a thin piece of i irons 
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tissue, without much blood supply, which separated easily from the 
tibia. It differed much more markedly from the periosteum of young 
avumals than the periosteum of the tibia of an adult person differs from 
that of a young or adolescent person. It is our feeling, and this is cor- 


Fig. 5. — Section from a decalcified animal sixty-two days after a Hibbs opera- 
tion. The spinous process of the host is designated by a, and a chip of bone with 
no formation of new bone by h. There is some foreign body reaction (c) between 
tlie chip of bone and the host. 


roborated by many writers, that the periosteum of a young person under 
certain conditions may stimulate formation of new bone but that the 
periosteum of older persons, at least on the shafts of the long bones 
where no muscular attachments are found, is a thin, almost nonfunction- 
ing, ligamentous substance. 
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Ihm- a,ifs.~Kx,mmcnts ivill. boi.e chips „-erc performed to deter- 
■■iMic whai ,f aaoparisoi, could be dra,™ bettreen die osteogenesis 
ptuc uml hy ojKTatioiis like {he Hihhs spinal fusion operation and that 
o iowinj,^ operations in which hone grafts are employed. It lias been 
(ieinonstrateci that the Hihhs operation \viU produce satisfactory bony 
lusion. However, in tliesc experiments ive were unable to demonstrate 
.IS extensive tonnation of new hone as occurred in the experiments with 
hone transjilanlation. Many of the chips wlien examined microscopicaiiy 
gave evidence of new hone forming around them. On the other hand, 
m.iny of them failed to exhibit any ei'idence of formation of new bone, 
and in .some in.stanccs there appeared to be death of some of the bone 
in the shaving and a foreign body reaction around it (fig. 5). In all 
instances, on gross examination there was fairly good staining by aliz- 
arine red but very little solid ankylosis. 


J’.ARTJCL’LAK COXSiniCRATJOX OF SPECIMENS FROJt DECALCIFIED 

AXIMALS 

Active reduction of the proportion of calcium in the skeleton is pos- 
sible and. by the means which we used, fairly simply accomplished. 
i\Icasurement of the amount of decalcification thus produced is much 
more difficult, and such a procedure seemed unnecessary in these 
experiments. 

In most instances, the reduction was sufficient to allow one to detect 
a distinct difference from the way in which the norma! bone cut <^t 
operation. We have already noted that the amount of red stain depos- 
ited in the tissues by the alizarine red in circulation was the same 
whether the animal was decalcified or not. On the other hand, in all 
cases in which satisfactory microscopic sections could be obtained, a 
particularly active osteogenic process seemed to be going on in the bone 
of the decalcified animals. This was shown either by the extensive for- 
mation of new trabeculae or the active formation of osteoid tissue. 

The chemical changes which take place must definitely affect tiie 
formation of new bone. Whether or not in the process of decalcificafioii 
the tissues of the host, as well as those of the transplant, are so altcrct^ 
as to hasten the deposition of calcium when the way 
adding more calcium to the diet we cannot state pos^ti^e\. 
meclianism is perliaps purel)' circulatory, although the exact re 
of the circulation to decalcification and recalcification is as yc 

understood. . . , , • nt 

It was noted in most of these specimens that decided wi 

the haversian spaces had taken place in the grafts as "C as 
tibias of the decalcified animals. This would 
circumstances and was merely a manifestation of the change 
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of calcium. That these two processes were both influencing the forma- 
tion of new bone seems more than likel}'. That they represent moi e 
than one chemical or physiologicochemical process is also more than 
likely. The atrophy of bone incidental to the entire process makes the 
grafts somewhat more permeahle to the invasion by new blood vessels 
that is necessary for osseous growth. The decreased content of calcium 
adds somewhat to this effect, and at the same time it seems to us that 
it probably leaves the new bone-forming tissue, which is the basic sub- 
stance of the bony framework, in a more receptive state when the 
increased amount of calcium is poured into the tissues from the blood 
stream. Aub and his co-workers have shown that the trabeculations 
furnish a readily available supply of calcium, that their number and size 
may be appreciably diminished by a process similar to that which we 
have used, and, conversely, that they may be readily built up by the 
addition of calcium to the diet. It seems reasonable to believe, there- 
fore, that in a medium somewhat depleted of calcium salts the frame- 
work of the bone may be laid down more easily, and that when the 
necessary calcium salt is supplied it is more readily taken up and depos- 
ited in this framework, making new bone. 

STUDY OF THE CUT EDGES OF THE BONE 

We had used a motor saw, and the behavior of the cut edges of the 
bones from which the grafts were taken interested us. It has been sug- 
gested from time to time that the use of a motor saw impairs the 
osteogenic properties of the bone, either by overheating the bone and 
thus killing the osteoblasts or by packing the margins of the cut with 
bone sawdust and thus decreasing the permeability of the bone. In 
examining these tibias grossly at autopsy we found most of the defects 
(except in the two cases in which iirfection had taken place) to be filled 
with bone. Three months after the original operation the filling was 
complete ; two months after operation, filling was not complete, but there 
was a remarkable amount of regeneration. Studies of sections taken 
through these defects disclosed solid bony union between the margin of 
the defect and the newly formed bone along one border. At the other 
border this was broken through, probably by manipulation. In some 
of the sections union was much less marked than in others. Although 
we cannot prove from these facts that there is no deleterious influence 
of the motor saw on the bone-forming properties of the graft, we can 
at least say that these properties are not consistently destroyed. Thus 
regeneration of bone will not be interfered with along the cut edge. 

ROENTGENOGRAPH IC CHANGES 

Study of roentgenograms disclosed two important facts. In the first 
place, there was decreased density of the grafts at a certain stage. This 
probably re]wesents a stage when vascularization of the graft from the 
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<l“‘ itl'”'; 7 'l >l>is increased vascular supply 

Imv 7 ° ''"’""'*'"=4 As the vascular bed « W 

■iiKl completed, tier,- bone replaced the old bone of the graft and 

. t ch p,oct,ss has hecn noted many times, not only clinically but in 
M mtt'eti s 0,1 anmtals. J„ the second place (and this seems to ns of 
,o„,s, do, -01,10 importance), the decreased density of the graft »as appar- 



Fig. 6. — Roentgenograms of a normal animal. The film shown above was taben 
two months after operation. A cortical graft is seen on the right ; the bone is still 
dense. On the left, the faint outline of a cancellous graft can be seen. The film 
shown below depicts the same region thirty days later. The cortical graft las 
undergone marked atrophy, whereas the cancellous graft shows much more plain >• 
It has reestablished its bon}^ consistency. 


ent much earlier in the iliac grafts than in the cortical tibial gra ts 
(fig. 6). This indicates that the cancellous bone of the ihum ms niorc 
easily infiltrated by the vascular network whicli invades the gra t t la 
the tibial cortical bone. Furthermore, at the stage u’hen 
grafts were of diminished density (that is, at three months) dc 
grafts had reestablished their bony content, the final 
being much more quickly acquired than when cortica gra 
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Little difference was noted between the roentgenograms of the decal- 
cified animals and those of the normal animals. This would he e.xpcctcd, 
for it is well known that loss of lime salts from hone must he consider- 
able to cause appreciable diminution in penetrability to roentgen rays. 
Roentgenograms of the tihias disclosed that repair of the defect was 
apparently complete at the end of three months in most instances. 

COMMENT 

The classification of the theories of hone growth as outlined in this 
paper merely affords a working basis for comparison and cannot be 
regarded as rigid. As a convenience, however, it seemed to offer distinct 
help to us. Our own theories coincide with the more modern ones of 
this group; that is. that the union of grafts and probably an}'^ new for- 
mation of hone are largel}' due to transformation of local cells into a 
matrix, or basic substance, which under certain stimuli adds to itself the 
calcium and other salts necessar}’’ for its transformation into hone. Such 
a conception is simple, and we cannot elaborate it on a chemical basis. 
From the practical standpoint, it is to he noted that this process is appar- 
ently more easily accomplished when the transplant is of cancellous bone, 
probably because the cancellous bone offers a medium much more readily 
permeable by this matrix from the host and its calcium may be more 
easil}^ mobilized and redeposited. 

Besides this, we are convinced that the process of reducing the cal- 
cium content of the bone may hasten its union in a transplanted position. 
This may be due, again, to the fact that a decalcified graft is more 
readily permeable by this matrix, but we feel that an added stimulus is 
brought about by the chemical change of decalcification. 

SUMMARY AND CONCLUSIONS 

1. Periosteal transplants in old animals do not produce new bone. 

2. Cortical transplants do not completely die but unite slowly with 
the bone of their host, and decreased calcification is seen roentgeno- 
giaphically at the end of three months. 

3. Cancellous bone unites more quickly and more firmly than cortical 
hone, whether taken from the cancellous bone of the ilium or from the 
endosteum of the tibia. It gives evidence of increased calcification roent- 
genograiihically at the end of three months. 

4. -Animals placed on a “decalcifying” diet until the time of the trans- 
plantation gave evidence of decidedly more active production of new 
hone lioth around the cortical and around the cancellous transplants. 
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CHOLECYSTITIS DUE TO BACILLUS AEROGENES- 

CAPSULATUS 

report of a case witfi nine cases from the literature 
IR\^ING GRAEF, M.D. 

AND 

MILLS STURTEVANT, M.D. 

NEW YORK 

Bacillus aerogenes-capsulatus has a wide distribution in nature. It 
is found in soil and sewage water and in oysters and other shell fish, 
milk, cheese and various other foodstuffs. It is present in the feces of 
all domestic animals and a large number of wild animals. It has been 
cultured from the skin of normal persons, the mouths of new-born 
infants, the normal salivary glands and pancreas, the normal urine and 
the vagina, and from the circulating blood in puerperal sepsis, chorea and 
typhoid fever, as well as in other diseases in which injury of the intes- 
tinal mucosa occurs. It is present in the human intestine normally, and is 
usually limited to the cecum and colon but is occasionally found in the 
small intestines. It is Hss common in nursing babies and more abundant 
in old age. It has, however, been found in the new-born and is normally 
present in normal nursing infants, but it is more common in childhood 
, and is a common inhabitant, perhaps the most abundant anaerobe, in 
the intestines of adults. These and other localizations of B. aerogenes- 
capsulatus were cited by Simonds,^ who called attention to the high 
degree of natural immunity which man enjoys against this organism. 
He quoted Welch, who stated that there is good reason to believe that 
intact tissues of man in health possess marked resistance to the gas 
bacillus. _ Simonds’ bibliography comprises 476 references. 

B. aerogenes-capsulatus has been found in normal bile at autopsy.- 
This association was noted by Branch,-® who pointed out that this 
micro-organism, which is indigenous to areas drained by the portal 
system, is apparently held in abeyance by healthy living tissues. In 
poorly preserved bodies and during the summer months, the bacillus 

, From tlte Third (New York University") Division Pathological Service, 
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invades and damages tissues at death, before fixation is accomplished 
j he presence or absence of bacteria, particularly B. aerogenes-capsula- 
tus, in the walls and contents of normal and diseased gallbladders has 
been variously reported. Thus in a series of 100 cultures from gall- 
bl.idders removed at operation, one series of 32 positive cultures showed 
no Bacillus welchii.^ In another scries ^ of 270 similar cultures, there 
were 58 wdiich v-ere positive for bacteria but showed no B. welchii. 
On the other hand, in 210 cases in which the gallbladder was removed 
at operation, Branch found B. aerogenes-capsulatus in the wall of 
the gallbladder in 8 cases; in the bile, in 5 cases, and in the stones, in 7 
cases. It was never the predominating organism. Stolz ® reported 3 
cases of gallstones and inflammation of the biliary ducts and liver in 
which the gas bacillus urns identified with Bacillus coli and other bac- 
teria. 

Active cholecystitis in which B. welchii has been recovered in pure 
culture showing a characteristic pathologic condition at postmortem 
examination or at operation is not often reported. In the following 
collection we have not included cases mentioned casually, with no 
criteria for diagnosis,® or cases in which a culture of the blood or 
stones yielded B. aerogenes-capsulatus even in pure culture ' unless 
pure culture of the gallbladder showed the same micro-organism. We 
have excluded cases in which no clinical data are given, such as the 
cases cited in reports of the examination of gallbladders removed at 
operation.® That one must be careful in ascribing a pathologic condi- 
tion to so rvide!}" distributed a micro-organism has been pointed out 
by VVahlberg,® 

Recently the authors have been able personally to observe a case in 
which the clinical course and the postmortem observations were such 
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as to give a characteristic picture and leave no doubt that B. aerogenes- 
capsulatus was the cause of a rapidly fatal cholecystitis. It is the 
purpose of this paper to report the case and review 9 other cases which 
were found in the literature. 

REPORT OF CASES 

Case 1. — The first report of cholecystitis due to B. aerogenes'capsulatus was that 
of Cottam,’<’ in 1917. The patient was a woman, aged 41, who on March G, 1917, 
had a severe pain in the lower thoracic region and in the upper part of the 
abdomen, particularly in the midline, accompanied by vomiting. The abdomen was 
tender ; there was no rigidity. The temperature was 98.4 F. On the following day 
the pain was localized at the umbilicus and McBurney’s point. There was rigidity 
in the right lower quadrant as well as in the right upper quadrant, with general 
tympanites. Two days after the onset, the symptoms shifted entirely to the upper 
region of the abdomen. Operation was performed on this day. The gallbladder 
was distended and deep red. Near the fundus was a greenish, blistery, gangrenous, 
oval area which measured 1.5 cm. in the short, and 2.2 cm. in the long, diameter. A 
short distance behind this was a .similar area. There were five small gallstones. 
The morphologic and cultural findings indicated conclusively that the organism was 
B. aerogenes-capsulatus. 

Case 2. — In 1922, not knowing of Cottam’s case, Halle and Marquezy 
reported what they believed to be the only case of gangrenous cholecystitis due to 
B. aerogenes-capsulatus. The patient, a woman, aged 60, suffered a sudden, violent 
pain in the right upper quadrant radiating to the right shoulder, which caused her 
to vomit. The pain subsided but left ber weak and indisposed. Five days later, 
after she had taken a cathartic, the symptoms recurred. Fever and meteorism 
developed. On the third day of her second attack, she had jaundice, violent pain 
in the region of the gallbladder and respiratory signs and symptoms which con- 
fused the picture. On the fourth day, operation was performed under local 
anesthesia. There was no pus in the abdominal cavity, but the omentum showed 
fat necrosis like that in certain forms of gangrenous pancreatitis. One of the areas 
removed for biopsy showed a large, gram-positive anaerobe. When the biopsy 
specimen was macerated and injected into a guinea-pig, the animal died within 
ten hours, and B. aerogenes-capsulatus was recovered from the liver and the spleen. 
The patient died two days later. The gallbladder contained fluid and gas but no 
stones. It was ulcerated and showed gangrenous lesions. No secondary infection 
was apparent. 

Case 3. — During the same yc.ar, Lercboullct ’= reported briefly a case of per- 
forating cholecystitis with fetid pus. The patient had an old biliary calculus. 
Death followed a “peritoneal episode comparable to that described by Halle and 
Marquezy.” There were gangrenous perforation and peritonitis with fetid pus. 
The micro-organism obtained in pure culture was studied by Zuber, who found it 
to be B. aerogenes-capsulatus. 

10. Cottam, G. G.: Gangrenous Cholecystitis wdth Report of a Case Due to 
the Gas Bacillus, Surg., Gyncc. & Obst. 25:192 (Aug.) 1917. 

11. Halle and Marquezy: Bull, et mem. Soc. mcd. d. hop de Paris 46-49 
(.Ian. 13) 1922. 

12. Lcreboullet: Bull, ct mem. Soc. ined. d. hop. de Paris 46:257, 1922 
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U.sL Jv,rc!mt.-iyr Jn publfshecl what he thought to be the hrst case 

0 n, eel, on o the gallhladdcr due to the gas bacillus. The patient, a man, aged 64 
. ertd .ill .ntt.Rk- of craniplike abdominal pain Avhich subsided after a few hours’ 

•oiirteen day.s later he was seized with sudden abdominal pain. The abdomen was 
distended, j here were circumbscribcd tenderness in the right lower quadrant and 
marked tenderness m the region of the gallbladder. Perforation was feared. An 
operation was accordingly performed on the third day, following the second attack 

01 pain. ’When the abdomen was opened, gas with a putrid odor escaped. The 
gallbladder was as large as a fist and adherent. The fundus showed irregular, 
delimited nccro.ses from the size of a pinhead to more than that of a lentil. When 
the gallbladder was aspirated, gas and bloody bile were obtained. Attempted 
ligation of the neck of the gallbladder and of the cystic artery separately tore the 
friable tissue in both cases in such a manner that gauze packing w'as resorted to. 

J he enlarged gallbladder was edematous in all layers and was so infiltrated by 
small gaseous vesicles that it crepitated. In many places the mucosa was necrotic. 
In addition to bloody, foul-smelling bile, the gallbladder contained sand witli gran- 
ules as large as a bcmpsced. The wall of the gallbladder contained multiple older 
abscesses of flic wall, and the mucosa rvas discolored by parietal phlegmons. The 
wall showed acute phlegmonous destruction. The culture of the bile showed a 
gram-positive anaerobe of tlie Welch group in pure culture. The patient made a 
rapid recovery. 


Case 5. — In 1927, Gould and Whitby reported the case of a woman, aged 
46 , who su/Tered severe, paroxysmal pain in the right upper quadrant for two 
days. The temperature, which at the onset was 99 F., rose to 101.2 F. Operation 
disclosed a tense, injected gallbladder with rancid contents. Tins was removed. 
There was slight uniform thickening of the walls, with injection of the coats. 
There was patchy gangrene of the mucosa so that the latter presented a mosaic 
of gangrenous areas surrounded by intensely congested but living mucosa. A 
smear show'ed large quantities of gram-positive, thick bacilli wbicli nere identified 
as B. welcbii by injection into guinea-pigs. Si.x stones were found; these were 
crushed, and B. welchii were cultured from the inside. The patient recovered. 

Cases 6 and 7. — During the same year, Wahlberg ® published the report of a 
case. In this patient, a woman, 36 years old, two months following n!iscarri.agc 
and two daj'S after curettage, there suddenly developed a severe pain below the 
right costal arch and slight jaundice with chill. A symptomatic recovery occurred, 
hut five weeks later she presented the symptoms of sudden, acute cholecystitis 
witli fever and vomiting. There was a tumor in the right upper region of liic 
abdomen, extending to the umbilicus. At operation there was no evidence o 
infection with the gas bacillus, but the bile, the wall of the gallbladder an i ic 
excised fragments of liver showed pure cultures of tlic gas bacillus. It \vas 
sible to demonstrate the bacillus in duodenal contents removed by intubation. Ui * 
tures of the blood and the urine were sterile. The patient recovered in wee 


Wahlberg also reported briefly a case in which the gallbladder bad per ora « • 
Pure cultures of the gas bacillus were made from a large abscess an roni 
bile. The patient recovered. 


13. Kirchmayr, L. : Ueber einen Fall von 
f. Chir. 52:1522 (July 11) 1925. 
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Case 8.— In 1929, Spitznagcl “ reported the case of a man, aged 50, who was 
always well nntil four days before he was seen, when a sudden, severe pam 
developed in the region of the gallbladder which subsided after a few hours. 
Four days later jaundice developed and he applied for treatment. On the second 
day, under observation, severe colic similar to the first attack developed, and he 
rapidly became very ill. The jaundice was intense, and the temperature rose to 
39.9 C. (103.3 F.). The patient was judged too ill for operation, and in a few 
hours he died. Necropsy was performed sixteen hours later. The subcutaneous 
tissues contained gas. The skin of the entire body was like a cushion. When 
the abdomen was opened, gas escaped with a loud noise. The abdominal cavity 
contained dirty, hemorrhagic fluid. The gallbladder was markedly enlarged. The 
serosa was opaque and covered with fibrinous deposits. It was loosely adherent 
to surrounding structures, and here and there were discolored, necrotic spots. 
The lumen contained discolored and dirty brown bile without bubbles of gas. The 
mucosa was largely necrotic, containing dirty brown, friable islands. The wall 
was thinned, the necrotic spots forming the thinnest part. No gallstone was found. 
The ducts were patent. The other organs, except the gastro-intestinal tract, 
showed gaseous edema. Bacterial examination of bile and blood gave pure cultures 
of the gas bacillus ; whereas other organs showed simple necrosis and gaseous 
edema, sections from the gallbladder showed that the mucosa was lacking or 
demonstrable only in the shadowy outline. The mucosa was entirely necrotic and 
infiltrated with gram-positive rods which were also present in the deeper layers. 
The capillaries of the gallbladder were congested and partially thrombosed. 

Case 9. — In 1931, Hegner reported a case in a man, aged 62, who three 
weeks before he was first seen, had an attack of pain like colic due to a gallstone. 
Sixteen days later the pain recurred. Slight jaundice developed, and the patient 
suddenly became very ill and died. From around the wall of the gallbladder and 
around the tumor mass B. welchii was obtained in pure culture. 

Case 10. — Our patient, a man, aged 63, a native of Poland, was admitted to 
tbc Third (New York University) Medical Division of Bellevue Hospital on Jan. 
18, 19,12. He gave a history of having been kicked in the chest by a horse nineteen 
years before. After that he did not consider himself well enough to work. Five 
years earlier the right kidney had been removed because of blood in the urine. 
Fifteen years before, the right leg had been operated on for “blood poisoning.” 

On admission, the patient’s temperature was normal, and his complaints were 
mainly of pediculosis vestimentorum. On examination he appeared weak and 
prostrated without apparent cause. The blood pressure was 170 systolic and 110 
diastolic. The liver was readily palpable below the costal margin. It was not 
tender. 

On January 20, forty-eight hours after admission, the patient had a chill, and 
the temperature rose to 104 F. He became cyanotic and dyspneic. The leukocyte 
count, which was 7,200 on admission, rose to 17,000. Prostration, dyspnea and 
cyanosis continued, and the patient died on January 22. 

Autopsy (Perjormed Four Hours Post Mortem)-— The body was that of an 
elderly ^Yhitc man, well developed and well nourished. The abdomen appeared 
distended. The regional lymph nodes were not palpably enlarged. There was no 
icterus. 


15. Spitznagcl, K. ; Gasbazillcncholezvstitis, Wien. 
(March 30) 1929. 

16. Hegner, C. F. : Gascons Pericholecystitis with 
lilhiasis, Arch. Surg. 22:993 (June) 1931. 
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On section tlic snbcutancous fat was moderate in amount. The peritoneum 
w.'is smooth and glistening. There was no free fluid. There was matked gaseous 
distention of the intestines. 

Lungs; The lungs were voluminous; the pleural surfaces were adherent by 
dense hands of rd)rous tissues. There was about ISO cc. of straw-colored, clear 
lluid in each sac. On section there were no notable changes except many areas 
of bullous emphysema. 

Heart: The pericardium was natural. No changes were visible to the naked 
eye on e.xaniination of the myocardium, the endocardium and the valves, with the 
exception of slight atheromatous changes in the aortic leaflet of the mitral vahe. 

A small bubble of gas about 5 mm. in diameter was seen beneath the mtima on the ^ 
ventricular aspect of the posterior aortic cusp. The bubble ruptured on pressure. 
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gallbladder was enlarged and markedly thickened. On palpation crepitus was 
made out within the gallbladder, and on section a foamy, greenish fluid escaped. 
The gallbladder contained many small faceted stones. When the surface was 
washed, numerous deep ulcerations were seen, many of which bad hemorrhagic 
bases. The cystic and common ducts were dilated and patent. Ibey contained 
stones and frothy bile. 

Tbe rest of tbe autopsy revealed no relevant changes. 



Fig. 2. — Low power photomicrograph of a section of the liver showing tbe 
low grade periportal hepatitis and, in the upper part of the field, a focus of paren- 
chymatous degeneration. 


Microscnftic RcRirt. — Gallbladder; There was marked edema of all the coats 
of the gallbladder. The lining epithelium was completely gone; only a few villi 
were recognized, and there were numerous ulcers which extended into the muscu- 
laris. There was infiltration of the coats by lymphocytes, histiocytes and poly- 
morphonuclear leukocytes, and numerous small abscesses were seen in the wall 
with formation of calculus in the deeper crypts. Numerous arteries showed throm- 
bosis, and there was edema of the vascular coats with infiltration by polymorpho- 
nuclear leukocytes. 
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give a positive reaction for iron. Kviilencc of liciiiolj'sis was seen in the finding 
of large anioniits of scattered pigment free in the sinusoids and blood channels. 
Sections of the other organs showed no notable changes. 

Bactcriologic E.raiiuuatioii . — Cultures made from the gallbladder and the heart s 
blood at necropsy revealed B. wclchii in pure growth. 



Fig. 4. — High power photomicrograph (oil immersion) showing the bacilli in 
the hepatic sinusoids and capillaries. 


Pathologic Diagnosis . — This comprised: coronary sclerosis; atheromatosis 
of the aorta, with hemolytic staining of the intima ; emphysema and bilateral 
chronic adhesive pleuritis ; chronic periportal hepatitis ; acute focal hepatitis with 
focal necrosis ; acute catarrhal cholangeitis, and choledocholithiasis ; acute and 
chronic ulcerative cholecystitis (presence of B. wclchii) and cholelithiasis; septic 
softening of the spleen ; surgical removal of the right kddney ; pyelitis ; local recur- 
icni hypernephroma and compensatory hypertrophy of the left kidney. 




GRA nr-sT UR rni'ANr—cHOij-c] 'snris 


781 


ANALYSIS 

In 10 of tlic reported cases of infection of the gallbladder by 
B. aerogcnes-capsulatus, including our osvn case, the ages were given 
in 8 cases, as follows: 36, 41, 46, 50, 60, 62, 63 and 64. The average 
age was 52.75. Four of the patients were women and 4 men.^" In onl}^ 
1 case was there a history of biliary disease. Five patients bad a 
preliminar}' attack of pain like that of colic due to gallstones, which 
subsided. It was followed by a secondary attack ending rapidly in 
death or operation. The interval between the pain and the rapidly 
fulminating attack was four days, five days, fourteen days, sixteen 
days and five weel^s. It has been suggested that the preliminary 
attack is pain due to gallstones, and that at this time injury is done 
to the mucosa, making invasion by the gas bacillus possible. Opposed 
to this theory is the fact that Halle and Marquezy’s patient had no 
gallstones with a ty^pical prodromal attack. Of the 10 patients, 5 
recovered and 5 died. 

Our patient gave no history or signs of cholelithiasis, clinically, yet 
from the pathologic examination we are certain that there were biliary 
calculi, with chronic cholecystitis and probably chronic periportal 
hepatitis. The dilated duct and ampulla suggested that one stone at 
least had passed. In the absence of a history of this event, the sus- 
picion arises that possibly some of the history may have been withheld. 
During the four days of observation the patient seemed like a person 
who is ill from beginning pneumonia or some severe infection, but 
there were no localizing symptoms. 

SUMMARY 

Nine cases of infection due to B. aerogenes-capsulatus of the gall- 
bladder are collected, and 1 case is added. With or without a prelimi- 
nary attack of pain and a quiescent period of from four days to five 
weeks, the patient is seized with an overwhelming infection, which 
usually points to involvement of the right upper quadrant. In 2 cases 
It was difficult to localize. Death quickly supervened when operative 
relief was not given quickly. The diagnosis in the authors’ case was 
made post mortem. 

17. In 2 cases neither age nor sex was reported. 

18. Kirchmayr ^nd Wahlberg.® 



ACUTE APPENDICITIS 

A SECOXD KEPORT OF ONE TI-IOUSAKD CONSECUTIVE CASES 

E. P. QUAIN, M.D. 

T])c Qtiajii and JRamstacl Clinic 
BISMARCK, N. D. 


One thousand consecutive cases of acute appendicitis were reported 
hy inyscll and Dr. VValdschmidt in 1928.^ From September, 1927, to 
October, 1932, a second series of one tliousand patients with the same 
diagnosis have been operated on by the surgeons of the Ouain and 
Ramstad Clinic. 

In studi'ing the records in this second series, we were confronted 
witii the same difficulties which we met in our first report, namely, the 
impossibility of making an accurate classification of the stages or com- 
plications of the disease found at the time of operation without the use 
of a long and useless list of adjectiA'al phrases. However, our report is 
intended chiefly for the practical surgeon who is wore interested in the 
welfare of his individual patients than in the details of pathologic 
b 3 ’'-products and side issues Avhich have no vital bearing on the success 
or failure of treatment. 

While the former classification is continued, it is not claimed to be 
scientifically accurate; 3 ^et we beliei^e that it serves a A'er}^ practical 
purpose at the time of operation in helping the surgeon to decide the 
two Autal questions, 'whether to drain and hozv to drain. 

According to our method of classification, the plan is to place in 
group I all cases Avhich do not need drainage. If a drain has been 
inserted as a precautionaiy measure and later developments (a sterile 
culture or the absence of a local reaction) indicate its earl}' removal, the 
case would still belong in group I. 

Since Ave folloiv, in general, the same surgical technic in the treat- 
ment of all patients in whom the infection has gone through the appen- 
dical wall, it seems superfluous to classify cases in groups II and Ill- 
Such a classification is merely an indication of the surgeon’s best opinion 


An abstract of this article was presented before the Western Surgical Associa- 
tion, Madison, Wis., on Dec. 8, 1932. 

1. Quain, E. P., and Waldschmidt, R. H.: Acute Appendicitis, Arch. Surg. 
lG-868 (April) 1928. In order that the reader may fully understand the refer- 
ences to the former report which Avill be made in this article, it is adv.sabh; tot 
he read the former report before he proceeds ivitb the present discussion, 
ited number of reprints are obtainable from the authors. 
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Gronping of 1,000 Cases of Aciilc A/'pciiilicitis Accord'uuj to E.riciil of 

Peritoneal Iiifectioit * 



Group I 

Group 11 

Group III 

Total number of cases 

. . 0"* 

212 

Ifll 

Appendectomy performed 

. . C37 

20P 

]r»i 

•Appendectomy not performed 

0 


0 


0 

0 


Age of patients 



Youngest 

2 voars 

2 venrs 

21 inontlis 

Oldest 

r>s years 

7S venrs 

73 years 

-Average 

.. voars 

21 years 

19 years 

Time of operation after onect 



Shortest 

>/. day 

dnv 

1 day 

longest... 

20 days 

21 days 

22 days 

-Vvernge 

iU'idayfi 

t-i'i days 

4 % days 

Duration of drainage 



Shortest 

1 day 

1 day 

A4 day 

longest 

S dny.s 

C3 days 

G3 dny.s 

-Average (of those drained) 

2 days 

14 dny.s 

1G% days 


Major Po«toporatlve Complications 


Group I 


Secondary abdominal ab- 
scess 3 

-icute bronchitis t 

Coronary embolism 1 

Enteritis 1 

Postoperativo hemorrhage.. 1 

Intestinal obstruction 2 

Acute otitis media 1 

Acute parotitis 2 

Acute progressive periton- 
itis 1 

Phlebitis 1 

Acute pleurisy .' i 

Pneumonia 3 

Acute pyelitis 2 

Acute tonsillitis 2 

Variola 2 


Enterostomy 3 

Incision and drainage oi ab- 
dominal abscess 3 


Coronary embolism 1 

Enteritis and streptococcic 
peritonitis 1 

Total ”2 


(0.31%) 


-^verage mortality in 1,000 cases 
Average mortality in 2,000 cases 


Group II 

Secondary abdominal ab- 


scess o 

Multiple abscess of liver 1 

Pelvic abscess 2 

Subphrenie abscess 1 

Acute bronchitis 4 

Pulmonary embolism 1 

Fecal fistula 10 

Postoperative hemorrhage.. 1 

Pulmonary infarct 1 

Acute mania 1 

Jfyocardial ln.sufDeicney 1 

Acute nephrosis 1 

Intestinal obstruction 24 

Phlebitis 2 

Pneumonia 3 

General septicemia 1 

Acute tonsillitis 1 


Secondary Operations 
Enterostomy (ol primary). .84 


Closure of fecal fistula 7 

Incision and drainage of ab- 
dominal abscess 5 

Gastrostomy 2 

Drainage of pelvic abscess... 1 
Intestinal resection 1 


Mortality 

Multiple abscess of liver 1 

Bronchopneumonia 1 

Pulmonary embolism 1 

Postoperative hemorrhage.. 1 

Ileus 3 

Ileus and acute mania 1 

General septicemia 1 

Total D 


(4.2%) 


now reported 


Group III 

Secondary abdominal ab- 


scess C 

Subphrenie abscess 1 

Acute bronchitis 1 

Empyema 1 

Enteritis 1 

Fecal fistula IS 

Postoperative hemorrhage.. 3 

Influenza 2 

Myocardial insufficiency 2 

Intestinal obstruction 31 

Acute otitis media 2 

Acute parotitis 1 

Phlebitis 1 

Pneumonia 4 

Acute pyelitis 1 

General septicemia 1 

Cerebral thrombosis 1 

Acute tonsillitis 2 

Acute uremia 1 

Enterostomy (92 primary ). 129 

Closure of fecal fistula G 

Incision and drainage of ab- 
dominal abscess C 

Gastrostomy G 

Cecostomy 3 

Intestinal resection 2 

Thoracotomy 1 

Drainage of pelvic abscess... 1 
Ileocolostomy 1 

Peritonitis and ileus 19 

Peritonitis and broncho- 
pneumonia 4 

Peritonitis and diabetes 1 

Peritonitis and myocardial 

insufficiency 2 

General septicemia 1 


Total 27 

(17.S%) 

3.S % 

3.25% 


j ^''oup I Includes eases of infection confined to the appendi.v; group II, abscess, and 
(cart infection restricted to the immediate neighborhood of the appendix 

pent progressive peritonitis), and group III, cases of diffuse and progressive 
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a la consideration of both the preoperative and the operative findings. 
n Mnjply siiov's Ins judgment as to the degree and extent of infection 
at the tunc of operation.^ "Progressive" peritonitis is present on everv 
pentoiicinn after contamination from a ruptured appendix. The “prog- 
ress ^ may become limited by nature, by the surgeon or by both. The 
classification, although illogical, has been continued from force of habit 
lather than from need or from the point of Aoeiv of practical service. 

V\ c arc aware of certain criticisms of our previous resume based on 
the fact that it did not include any pathologic reports indicating whetlier 
in the cases in question the condition was acute appendicitis. In reply, it 
• maj" be stated that no case of appendicitis has been included in group I 
in cither of the reports unless the appendix was so acutely infiltrated, 
thickened, distended or surrounded by' recent adhesions, exudate or 
fibrinous deposits that any ty'ro in the profession could recognize it as 
the site of an acute infection. 

Furthermore, in all the cases of appendicitis in group I (infection 
confined within the appendix) the appendix was sectioned and micro- 
scopically' examined by' a competent pathologist, and the acutely inflam- 
matory' process was verified. Cases of appendicitis usually classified 
as "interval (!)” were not included in either report. 

In groups II and III (appendicitis with abscess or local or pro- 
gressive peritonitis) microscopic sections were not made, as a rule, 
unless definite information was desired as to the nature and origin of 
the infection (tuberculosis, tumor, etc.). In the presence of a gan- 
grenous or perforated appendix located in an abscess cavity or in free 
communication with an infected peritoneum, laboratory' examinations 
are not needed as an aid in either diagnosis or treatment. 

The purulent exudate produced by the colon bacillus is readily rec- 
ognized by its odor. The patient’s resistance, as a rule, is more likclj’ 
to overcome the colon type of bacteria than the almost odorless staphylo- 
coccic and streptococcic infection. (This observation has given rise to 
an operating room saying to the effect that “the worse they smeii, the 
sooner they’re well.’’) In all doubtful cases laboratory' examinations 
governed in determining whether free peritoneal exudate was danger 
ously infectious or not. In the presence of an apparently imperforate^ 
appendix with a seropurulent or fibrinous exudate cultures were ahvays 
made. Smears were examined immediately, except at night, when 
oratory attendants might not be available. _ 

The method of operation was the same as that previously desen • 
Enterostomy was performed more often than m the former 
some cases the results were disappointing. More often it gave s< * 
lion a„d many times it was so evidently life-saving Itat we do not .cc 
j!,°”ified in limiting its nse. in spite of the critical att.tndc adopted I.) 

some eminent surgeons. 
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The earliest possible removal of an acutely innamed appendix, irre- 
spective of its “classification,” seems as essential now as before.^ The 
same holds true in regard to the nccessit)' of locating and delivering the 
appendix by finger touch and with the least possible retraction and dis- 
turbance of the intra-abdominal contents. 

The importance of constant and experienced postoperative manage- 
ment may be seen in the following comparison between the mortality 
in the two hospitals where our patients were treated. Of the 323 
patients operated on for acute appendicitis in hospital no. 1, 16 (4.9 per 
cent) died, while in hospital no. 2, 22 (3.2 per cent) deaths followed the 
same t 3 'pe of operation on 677 patients. There was no appreciable differ- 
ence in the severity of the disease among the patients admitted to the 
two hospitals. The postoperative obserA'ation and treatment in hospital 
no. 2 are under the direction of one man, an associate surgeon of twenty 
years’ experience, who has made a special study of the type of com- 
plications usually met with in this disease. 

We can find no other reason for the decidedly higher mortality in 
the second series than the longer time which elapsed between the onset 
of the illness and the operation. Our records show that the average 
time between the onset and operation was more than twelve hours longer 
in the second series than in the first. This fact may largely be ascribed 
to the hard times and to a universal tendency to “wait and see” before 
deciding to incur the expense of medical care. In the meanwhile, vari- 
ous family remedies, including laxatives in liberal doses, have served to 
disseminate the infection. 

Two patients who were admitted to the clinic with a diagnosis of 
acute appendicitis were in extremis and were not operated on. Several 
patients with severe peritonitis died within a few hours after operation. 

The case histories were studied thoroughly, and the postoperative 
results are shown in the table, which was arranged as nearly as possible 
in conformity with the previous report. 
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KIDNEY 

Anomaly . — Roscher ^ reviewed malformations observed in the Nor- 
wegian Universit}^ Clinic from 1914 to 1930. The material is divided 
into two groups: (1) cases in newly born infants (1,532 necropsies, 
which I'evealed 104 malformations, of Avhich 40 were malformations of 
the kidney or urinary tract) and (2) cases in older children and in 
adults (3,995 necropsies, in which 104 malformations of the kidney 
or urinary tract were discovered). 

Hy^dronephrosis and anomalies of the ureter were common in the 
first group and were associated with stricture, valvular formation and 
dilatation of the ureter. The author stated, however, tliat he found 
hydronephrosis and dilatation of the ureter without any associated stric- 
ture or valvular formation. It is evident from the material that 
hydronephrosis and dilatation of the ureter should be regarded as 
malformations and not merely as secondary results of stricture. 

Roscher found that 9 of 11 cases of cystic kidney were associated 
with malformations in the urinary tract or elservhcre; this clearly indi- 
cates that cystic kidneys or at least its origin, is a malformation. In the 
second group, aplasia and hypoplasia of one kidney occurred in 0.75 per 
cent of the cases. About 50 per cent of the cases of hypoplasia vere 
associated with hydronephrosis. The hy^dronephrosis was wvlntern m 

1. Roscher, Fredrik; Uefaer die Haufigk-eit. die 
Bedeutung von Missbildungon der Nierc und der Harawege, .* da c nr. 

70:493, 1933. 
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14 instances and bilateral in 14. It was generally associated with mal- 
formations of the ureter, such as dilatations and valvular formations ; 
the latter, however, usually did not occasion true obstruction. Of the 
28 cases in which hydronephrosis was found, 19 were cases of p3''elo- 
nephritis and 1 a case of ’pyelitis. In 12 cases the pyelonephritis 
was the direct cause of death and in 5 cases it contributed to 
a fatal issue. In only 2 cases had calculi formed. In the 12 fatal cases 
of pyelonephritis 8 of the patients were children under 7 years of age. 
These children had had pyuria for a long time, and most of them died 
in uremia. 

Cystic kidney occurred bilaterally in 7 cases and unilaterally in 2. 
In 1 of the latter cases hydronephrosis was present in the opposite 
kidney. In the other case there was aplasia of the opposite kidney. 

Settergren ” gave an account of congenital ectopia of the kidney. He 
stated that the symptoms vary greatty and are not specific ; consequently 
the diagnosis as a rule causes difficulty, particularly in cases of pelvic 
kidney in women. Pyelography generally clinches the diagnosis. A 
sound ectopic kidney that does not give rise to symptoms should be let 
alone, whereas a diseased kidney should be removed. When a sound 
kidney on account of its abnormal position produces symptoms or when 
a kidney presents pathologic changes without an unfavorable prognosis, 
nephropexy should be tried. 

Settergren described 6 cases of abnormal position of the kidney, in 
3 of which the condition was certainly congenital and in 3 of which it 
was probably congenital. In 4 of the cases the ectopia was on the right 
side, and in 2, on the left. Five of the patients were women, and 1 was 
a man. In cases 1 and 2 the diagnosis was made onty after exploratory 
laparotomy' performed because an ovarian tumor was suspected. In 
case 1, the kidney was situated in the small pelvis, and since nephropexy 
could not be carried out nephrectomy was done on account of pain, 
although the kidney appeared to function normally. It presented inter- 
esting anomalies in respect to its rotatory position and vascular supply. 
The patient's complaints disappeared after operation. In case 2, the 
kidney was situated immediately above the innominate line. The patient 
was three months pregnant. The kidney was retained, and pregnancy 
and parturition proceeded in a normal manner. In case 3, on pyelog- 
raphy, a probably ectopic kidney was noted, situated mainly above and 
close to the side of the sacral promontory. The patient had earlier 
passed through two parturitions without any particular difficulty. The 
renal symptoms were so slight that operation was not indicated. In 
case 4. operation was not performed. The patient was a nullipara, 

conccnit-a. AcU diir. Scandinav. 70:563, 
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aged 74. A diagnosis of congenital pelvic kidney was made by means 
pi c ograpliy. In case 5, m which the patient was a multipara, the 
ectopic kidney, situated above the small pelvis, had occasioned severe 
symiiloms of cyslopyclitis for fifteen j'ears. The renal pelvis was trans- 
torniecl into u iarge, convoluted, saccular 'formation filled with concre- 
tions. I he patient had earlier been treated for salpingitis, but the 
s.vmptotns might even then have been caused by the unsound kidney 
alone. A roentgenographic shadow, probably occasioned by an atypical 
lobe of the liver, made the diagnosis more difficult. Nephrectomy was 
performed. In case 6, the ectopic kidney was pyonephrotic and con- 
tained concretions. Ureteral stricture may possibly have contributed to 
the renal complications. The diagnosis was made with the aid of a 
pi'elogram ; nephrectomy was performed, and typical vascular anomalies 
ivere found. 


Settergren gave a final account of the relation of ectopia of the 
kidne}' to pregnane}'' and parturition. Considering the risk of compli- 
cations that ma}' thus arise, the lines of treatment are as follows: li 
from the obstetric standpoint operation on a sound ectopic kidne}' is 
considered to be indicated, nephropexy should be tried, and extirpation 
should be carried out only in absolutely imperative and exceptional 
cases. At parturition the patient with an ectopic kidney should alwa)’s 
be hospitalized, even if delivery has occurred spontaneously earlier. In 
cases in which an ectopic kidney is present with simultaneous renal dis- 
ease, there may sometimes be indications for sterilization. A ptotic 
kidney which is in an acquired anomalous position constitutes, as a 
rule, no complication in pregnancy or parturition. 

Stone . — Hellstrom ® reported recurrence of stones following their 
removal or passage from the upper part of the urinary tract. In H7 
cases operation was not performed. In 108 cases the stone was passed, 
and there was no recurrence. In 14 cases the stone was not removed, 
but no additional stones formed. In 25 cases (17 per cent) new 
stones formed. In 8 of the cases in which there were recurrences the 
stone formed on the same side; in 8, on the opposite side, and in 7, on 
both sides. In 2 of the cases, the site of formation was not stated. 
Recurrence was looked for in 233 cases in which operation ^vas per- 
formed. In 58 (25 per cent), there was recurrence. There was a true 
recurrence on the same side in 19 cases, and on both sides m 7. n 
12 cases, stones recurred only on the side on which operation was n 
performed. In 4 cases, it was impossible to state the 
L 16 cases stones developed as a result of fragments that were 

""Twrom, John: Ueber Rezidjve "^ch Operationen wegen Mcren-ml 
Uretersteinen, Ztschr. f. urol. Chir. 37:83 (April 22) 
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after operation. In 11 of these 16 cases multiple stones were known to 
be present originally; in 3 cases there was a large coralliform stone, 
and in 2, extensive infection was present. 

Pyelolithotomy was performed in 5 cases, pyelonephrolithotomy in 

3 and nephrolithotomy in 6; pyelo-ureterolithotomy and uretero- 
lithotomy were each performed in 1 case. In 3 of the cases in which 
operation was performed there was extensive bilateral infection, and in 

4 there were multiple oxalate stones. In 19 cases the stone recurred 
onty on the side on which operation was performed; in 7 it recurred 
on the opposite side. Therefore, stones recurred in 26 cases (11 per 
cent). In 13 of the 26 cases of true recurrence (50 per cent), the 
stones formed in the first three )'ears after operation. In 15 of these 
26 cases, pyelolithotomy had been performed; in 5, nephrolithotomy, 
and in 6, ureterolithotomy. In 12 cases stones recurred only, on the 
side on which operation was not performed. 

Jasienski* reported an unusual case of renal stone of a type not 
hitherto mentioned in the literature. A man, aged 44 fell 4 meters 
(about 14 feet) a few years previous to observation; this was followed 
by crises of pain at various times, accompanied by hematuria. Roentgen 
examination disclosed multiple calculi extending into the subcapsular 
bed of each kidney. After several weeks, during which progressive 
anemia developed, right lumbotomy was done ; the kidney was incised 
down its entire length, and the calculi were removed. One week later 
the patient’s condition was so grave because of continuous hematuria and 
anemia that it seemed necessary to remove the right kidne}', although 
the condition of the left kidney forbade it. The patient died the follow- 
ing day. At necropsy the left kidney was found to be small and full 
of stones but not otherwise diseased. In the right kidnej', both the 
cortex and the medulla and also the calices contained a great number of 
irregular spaces varying from the size of a pinhead to that of a hazelnut, 
which were lined with crystalline concretions, in some places amorphous 
and in others exhibiting a granular structure. Histologic examination 
revealed that in the midst of very hard crj’-stalline concretions were 
fibrinous masses and depigmented red corpuscles, encircled with concre- 
tions. Chemical analysis disclosed that these masses were composed 
almost half of albumin, probably fibrin, which was impregnated with 
calcium phosphate and contained some calcium oxalate. There was no 
evidence of any other constituents. 

The anatomic lesions observed in the kidney probably explain the 
action of the concretions for a long time on the renal parenchyma. 
The inflammatory changes corresponded to the “lithiasic nephritis” of 

4. J.asienski, George; Sur un cas rare de lithiase renale bilaterale T d’lirnl 
34:408 (Kov.) 1932. 
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Aibnrran The numerous signs of cirrhosis and cicatricial changes, 
followed by great shrinkage in size, justified a diagnosis of cirrhotic 
lithiasis (Israel). I he hematin composition revealed that the production 
of calculi was clue to the renal hemorrhages. Around the clots were 
incrustations of urinary salts, following the course of the modified sur- 
face and constituting the mold for the stones. The absence of infec- 
tion also showed that the calculi were due solel}' to hemorrhage. It is 
possible that there had been acute hemorrhagic nephritis. 

Tuvtor. Fischer •’ reported 48 cases of tumor of the kidne}" and of 
the icnal pelvis. Thirty-five patients were operated on, and 6 refused 
to undergo operation. In 3 cases, exploratorj' incision showed that 
removal was impossible; in 2 of the remaining 4 cases, the general condi- 
tion would not permit operation, and in the other 2, inetastases to the 
bones and lungs u’ere present. Histologic investigation revealed that 
typical or at 3 ’pical hj'pernephroma was present in 29 cases. In 4 cases 
the condition was diagnosed as carcinoma, and in 4 others papilloma of 
the renal pelvis was present. In another case, that of a child aged 
5 years, an adenosarcoma -was present. The primary mortality in the 
cases in which operation was performed was 17 per cent; 3 patients 
died of m 3 mcardial weakness, 1 of shock resulting from the operation, 

1 of pneumonia and 1 of uremia. In 13 of the 24 cases in which data 
were obtained there n^as local recurrence after the operation. Recur- 
rence and metastasis occur most commonly in the first three years after 
operation. After that they are rare. 

Harrah ® stated that progressive enlargement of the abdomen of an 
infant or a young child should be looked on with grave suspicion. 
J\'Ialignant tumor of the kidney in infancy and childhood is not extreme!)' 
rare. In man)’’ cases the enlargement of the abdomen is the only 
symptom for a long time. Absence of pain and hematuria, particularly 
the latter, early' in the growth of the tumor is unfortunate from the 
standpoint of early diagnosis. The absence or late appearance of 
hematuria in cases of renal tumor of children may' be connected uith 
the gro^vth capacity' of the ymung kidney, which enables its structures 
to keep pace with the growth of the tumor and thus to preserve their 


continuity for a long time. 

Harrah stated that the prognosis when these tumors 
is very serious. The best prospects, in his opinion, _ he m a combina 
of radiotherapy and surgery. Because of the "silent ° 

tumor in many cases, regional invasions and metastasis are i 
present by the time the urologist or the surgeon first sees !- 

1 Fischer, Karl; Ueber Neubildungen der Niere und des Xiercnbcc - 

Ztschr. f. urol. Chir. 37:16 (April 22) 1933 ^ L'rol. 

6. Harrah, F. ; Embryonal Sarcoma of tiie Kidney 

29:445 (April) 1933. 
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Lipomalosis . — ^Yomig ' described 11 cases of fatty invasion of the 
kidnev, or replacement lipomatosis. In the first case, invasion occurred 
in the absence of infection, pyuria and nephrolithiasis. Although there 
was no evidence of infection within the kidney, there was slight evi- 
dence of perinephritis associated with the fatty invasion in all the cases. 
In all the cases there was an increase in the amount of perirenal fat, 
which was firmer than normal and surrounded the pelvis, entering the 
hilus around the vessels and the pelvis and following the infundibula 
into the kidney. The pelvis was always embedded in fat, and in some 
cases it was obliterated. The fat evidently invades the kidney, carry- 
ing fibrous tissue membrane before it, filling in preexisting spaces, 
invading the space between the cortex and the infundibula and calices 
and, when hydronephrosis is present, surrounding and compressing this 
until complete obliteration has occurred in some places. In 2 cases in 
which the condition was not associated with lithiasis, atrophy of the 
kidney had gone on to a remarkable degree. 

Young stated that replacement lipomatosis is related to the process 
commonly known as autonephrectomy. Most extensive fatty invasion 
has occurred in completely obstructed kidnet's. Atrophy of renal sub- 
stance might be secondary to replacement by fat and the consequent 
cutting off of the blood supply. Replacement lipomatosis becomes 
important clinically, since this condition has been mistaken for a renal 
neoplasm. It may account for enlargement of the kidneys in cases of 
obstruction of the upper part of the urinap,' tract with or without the 
presence of stones. A different process in this condition, however, 
would lead to atrophy of a kidney and autonephrectomy. 

f oung stated the belief that true lipomas are rare ; they are usually 
small and yellowish and are found as nodules encapsulated by fibrous 
tissue in the cortical layer distinctly beneath the kidney capsule. They 
result from rests of fatty tissue which have become included in the 
kidney during embryonic life. Replacement lipomatosis possesses none 
of these characteristics. 

Krymholz ® stated that atrophy of the kidney with substitution by 
fat, so-called lipomatosis perinephritis, is rarely observed. This should 
not be confused with a fatty tumor (lipoma) of the kidney or of its 
capsule. In the center of the fatty tissue, pus or a stone may frequently 
be found. The fatty suiistancc of atrophic kidneys is not always firmlv 
adherent around the stone: in some cases roughness of the stone or 

7. YounR. H. H.: Lipomatosis or Destructive Fat Replacement of the Renal 
Cortex. J. Urol. 29:631 (June) 1933. 

S. Kr>mhol7-. yf.; Zur Fettsubstitntion dcr atropisclien Nierc Ztschr { nrnl 
Our. 36; .343 (March 111 19.3.3. 
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■spill. s .lie not found; that is, the stone is free in the substance. Fatty 
changes of the kidney as well as fatty substitution in the atrophic kidney 
may also he associated with tuberculosis. 

Kryinholr. expressed _ the belief that renal atrophy and substitution 
by fat result from a disturbance of the blood supply of the organ; 
later inf]aininatiou of the solid substance of the kidney and hyperplasia 
re.snlt from irritation. The general process of replacement by fat is 
carried on by long drawn out, chronic infection of low degi'ee. 


Cysts. Blum ” reported a case of echinococcic cyst of the kidney 
in a man. Examination revealed one small C3'st coming down from the 
meter. The jiatient had passed C3’'sts with the urine for a number of 
3'ears. Nephrectomy was satisfactori]3’' performed. 

Blum stated that 40 per cent of the reported cases of this kind have 
occurred among workers who handled pigs and cattle. Another source 
of infection is pets that have access to slaughter-house material. Chil- 
dren become infected through contact with pets, and adults through 
contact with the children. 


Tuberculosis . — Salleras stated that although p3’^eIography reveals 

nothing of value in the initial stages of renal tuberculosis, it is possible 
later to make a diagnosis b3' means of pyelography alone even in the 
absence of all other characteristic signs, such as the presence of the 
Koch bacillus, Colombino’s sign, a decrease in the amount of urea and 
decisive C3'Stoscopic signs. One need not wait to learn the results of 
inoculation of guinea-pigs. The pyelographic evidences of renal tuber- 
culosis may be suuimarized as follows : The lesions begin in the renal 
papilla and advance progressive^3^ This advance appears in the form 
of hollow pouches which increase in size with the age of the process, 
the same image, as well as the identical form, being repeated with equal 
clearness in all cases, thus making the picture characteristic. By tins 
means Salleras was able to establish ; ( 1 ) whether the condition is 
tuberculous p3mnephrosis or some other form of p3'onephrosis ; ( 2 ) 
■whether the disease is in the initial or in an advanced stage; ( 3 ) whether 
it is unilateral or bilateral and, if the latter, which kidney exhibits the 
greater destruction, and ( 4 ) whether there is transmission of the rena 
process to adjoining organs. 

The differential diagnosis is based essentially on the fact t lat m 
nontuberculous pyonephrosis the dilatation begins in the ureter or 
and is then transmitted to the renal parenchyma, finalli' assiimuio 


. Pj • 37 : 4 ^ 

9. Blum, Viktor : Ueber Nierenechinococciis, Ztsclir. f. uro . u • 

(April 22) 1933. , . , inritizadon 1^ 

10. Salleras, Juan: Valor de la radiografia ^ Col. v trab. 

tuberculosis renal y de la pielografia en cl d-asnosUeo de la 
de la Soc. de cir. de Buenos Aires 16:1216 (Oct. -6) 193- 
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appearance of a single large cavity. In toberculous pyonephrosis, on 
the contrary, both the ureter and the renal pelvis preserve their shape, 
the cavity at the level of the renal papilla beginning late and extending 
thence in an eccentric and shaggy form, by ulceration, to the cortex, as 
may be seen in the pictures included in the original article. 

It is possible, accordingly, in a tuberculous kidney, to follow step 
by step the distinct phases of ulceration, from simple clouding of the 
outline of the corresponding calix to deep ulceration and even, in excep- 
tional cases, to ulceration of an adjoining organ (intestine). In other 
words, pyelography serves to measure the anatomic value of the tubercu- 
lous kidney. 

Tuberculosis of one or of both kidneys is then easy to recognize 
by the clear and regular outline of the papillary portion of a sound 
organ or by the eroded, shagg)' and distorted appearance of the papilla 
and cortex if the kidney is diseased. The diagnosis of unilaterality or 
bilaterality of the papillary lesions can then be made, and in the latter 
case, it can be determined which side is more severely affected. The 
extent of injury to the kidney that has been partially destroyed by 
caseation can also be measured ; bilateral pyelograms are an interesting 
guide in the decision for or against nephrectomy. 

"When the lesions have invaded the perirenal tissues or a nearby 
organ, the pyelographic images faithfully record such invasions by 
exhibiting shadows and distortions which, starting from the renal 
papilla, extend to the corresponding perirenal zone or establish com- 
munications with adjacent organs. 

The use of excretory pyelography with iopax or skiodan, although 
satisfactory in some cases in which retrograde pyelography cannot be 
carried out, gives rather uncertain images, for although it produces 
fair shadows of cavernous lesions, the impossibility of basing a diag- 
nosis on these is admitted. The relation between the elimination of 
opaque products and the quantity of renal parenchyma teaches that in 
the greater lesions there is less excretion than is needed to fill such 
ulcerations sufficiently to make them recognizable, 

(Compilers’ Note. — ^There is no doubt that it is possible by roent- 
genography alone to diagnose well advanced renal tuberculosis in which 
caseation of the organ is the predominant feature, as in certain cases 
of occluded renal tuberculosis or of dosed tuberculous p^^onephrosis 
which have been recorded in the literature as instances of auto- 
nephrectomy. Pyelography beyond question is one of the greatest 
advances for establishing a correct diagnosis of renal tuberculosis as 
well as of any other lesion of the kidney. The indications for nephrec- 
tomy. however, should be based on the diminution of function of the 
organ with reference to elimination of urea or excretion of phenol- 
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sulphonphtbalein, on the presence of the Koch bacillus in the catheter- 
izccl speamen and on a positive pyelograin. This triad of clinical data 
, ^0^ reaching a definite diagnosis, since the presence of the 

Jacilh of tuberculosis in the excreted urine does not always mean 
surgical renal tuberculosis.^ 

Rupture of a p3^onephrotic tuberculous kidney, leading to a peri- 
nephritic abscess and then to a renocolic or a nephrobronchial fistula, 
although rare, has been recorded in the literature in several instances. 
Crenshaw^- recently reported 2 cases of pyonephrosis with nepliro- 
bronchial fistula observed in a ^series of 256 cases of perinephritic 
abscess. 


It is obidous that although intravenous p 3 'elography, as Salleras 
stated, will not alwa 3 's solve the problem of the diagnosis of renal 
tuberculosis, it is of definite value in cases in which catheterization of 
the ureters cannot be accomplished and also in early lesions of the 
medullar 3 '’ or cortical renal substance, which have no connection with the 
excretory apparatus of the organ.] 

Saenz and Eisendrath,^® in the course of studies of the respective 
sensibility of methods of direct culture of the bacillus of tuberculosis, 
observed that performing “raclage” (harvesting or scraping together 
several cultures) of the tubes that had been sown with suspected 
material before any macroscopically visible culture appeared was of 
great advantage as a practical means of establishing an early diagnosis. 
They accordingl 3 ' reported the results of a bacteriologic and clinical 
stud 3 ^ of 57 cases in which renal tuberculosis was suspected. B)’ a 
special technic they succeeded in isolating the bacillus of tuberculosi.s. 
In 30 specimens of urine the result was positive, and in 27 it was nega- 
tive. Of the 30 cases in which the results were positive, 20 showed 
the bacilli on direct examination. After culturing, it was jiossible hv 
means of "raclage” of the tubes to discover microcultures of acid-fast 
bacilli in the 30 positive cultures after eight to thirty da 3 'S (in most 
instances nothin ten days), whereas the macrocultures did not appear 
until after from fifteen to sixt}’’ da 3 'S. It was thus clear that a ding 
nosis could be made by their microculture method _ in half the time 
required for macroculture. It is rvorthy of note that in the 57 cases t ic 
results of direct examination, carried out simultaneously at the Pasteur 


11. Gutierrez, Robert: Xonsurgical Rena! Tuberculosis, 

1928 ; Diagnostic et traitement chirurgical cle la tuberculose renalc. J . 

Crenshaw. J. L.: Pyonephrosis with SCcphrobronchial Fisloh, J- »!• 

S»ntA.!»h Eisendrath. D.: ^ .'YTr'TfweireL- “ 
le diagnostic precoce de la tuberculose renale p r 

Presse nied. 40:1856 (Dec. 10) 193— 
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Institute and at the NccUer Mospital. ai-reed in every respect. One 
interesting urologic discovery was the close relationship hetween the 
elimination of the bacilli of tuberculo.sis and the pathologic lesions of the 
patient. When the case is one of renal luhercnlosis in which the focus 
is almost excluded, that is. when the renal ])elvis is very small, bacilli 
of tuberculosis arc found only intermittently. 1 he study also revealerl 
that bacilluria persists much longer after neidirectomy than has been 
supposed. In most cases, it disappears within the first si.x months 
following the operation, except when there is unsus])ccted bilateral 
infection. In 4 cases in which the patients were examined, two. four, 
five and six years, respectively, after ne]directomy. the culture was still 
positive. This shows that cultures should be made more often for the 
study of such postoperative signs as frequency of urination and cloudy 
urine. 

From this study it becomes clear that it is unsafe to remain content 
with the result of direct culture alone, for this will be insufficient in 
25 per cent of the cases. It is indispensable to culture the sediment of 
from 20 to 50 cc. of urine on from six to eight tubes of medium pre- 
pared according to the special technic described by .Saenr. and Eisendrath, 
and especially to examine systematically the ]M-oduct of “raclage" of 
every tube from the eighth day on. In this way an early precise diag- 
nosis may be made in many cases in which direct examination of the 
sediment gives negative results. This method is more rapid and more 
reliable than inoculation of guinea-pigs. It has the advantage of per- 
mitting isolation of acid-fast bacilli (avian, paratuberculosis) that are 
nonpathogenic for the guinea-pig, and it also permits immediate identifi- 
cation of human or boA’ine types. The simplicity and ease of the method 
and the accuracy of the results make its use desirable in the future in 
the diagnosis of renal tuberculosis. 

[Compilers’ Note. — It is gratifying that a new routine procedure 
for the detection of the bacillus of tuberculosis has been established. 
The method described appears to be more accurate than inoculation of 
guinea-pigs, culturing on potato mediums and routine examination of 
smears, methods so commonly in use. It is also of interest that the 
Necker school has again brought to light a well known phenomenon 
clearly described years ago by Albarran,'= namel\', the frequent finding 
of the bacilli of tuberculosis in the urine excreted by the sound kidne)^ 
even a long time after nephrectomy.] 

14. Motz, Charles: Les pyonephrites. Arch, iirol. de la Clin de Necker 7 -^2^ 
(Nov.) 1932. 

15. Albarran, J.: Lesions du rein du cote oppose dans la tuberculose renale 
nnilaterale, Ann. d. mal. d. org. genito-urin. 26:81, 1908. 
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ydroiicphrosis.— \N alters , in a consideration of the conservative 
trcabiient of hydronephrosis, stated that if the renal parenchjraa is func- 
tioning normally enough, removal of the obstructing factors which pro- 
duce the hydronephrosis should give relief from the obstructive 
symptoms, and the pelvis and calices should return to within reasonablv 
normal limits of size. In his experience, resection of the hydro- 
nejihrotic renal pelvis gives excellent results in the treatment of hydro- 
nephrosis in properly selected cases. Ureteropyeloneostomy has relieved 
for almost four 3'ears hydronephrosis of a solitary kidney in which 
obstruction was complete at the time of operation. 

^Valters stated that if a surgeon chooses to reiinplant the ureter into 
the dependent part of the renal pelvis, accurate anastomosis should 
be made between the cut end of the ureter and the opening in the pelvis, 
for an}’’ redundant portion of the ureter extending into the pelvis may 
serve as an obstimcting valve. He stated that conservative procedures, 
such as resection of the renal pehds, reimplantation of the ureter and 
removal of such obstructions as peripelvic tissue, are most strikingly 
indicated when the hydronephrosis is bilateral or when it is unilateral 
but sufficient renal parench3nna remains to justif3r the preservation of 
the organ. The necessity for the use of conservative procedures for 
the relief of obstruction when the kidney is solitary is apparent. In 
making the decision as to the best conservative procedure to follow, the 
guide is the surgeon’s own experience, it being remembered that the 
safest and the best procedure is that which produces adequate and com- 
plete relief of the obstruction with minimal disturbance of the renal 
pelvis and the ureteral tissues. 

Young stated that the trend of surgery is more and more toward 
conservatism in the treatment of renal diseases, particularly hj'dro- 
nephrosis. It used to be thought that when a kidney was functionless 
or badly infected or had a greatly dilated pelvis nephrectomy was indi- 
cated. Ph3'^sicians did not realize that by good drainage such kidne\^ 
can be brought back almost to a normal condition and the infection 
eradicated. Young recently observed a case in which there was a 
h}'dronephrotic sac which held about 4,000 cc. The fluid within it "as 
thickly purulent, and there was no renal function, as revealed b} t le 
phenolsulphonphthalein test. The use of an indwelling ureteral cat leltr 
after a few weeks brought this apparently completely destro3-cd •10113 
back to equality wdth that on the opposite side. At operation, m u ijc^ 
the obstruction was found to be due to a vascular cord, loinig uas < 


AValters, Waltman: The Conservative Treatment of H.vjlronephro^-^^ 
Resections of the Renal Pelvis and Other Plastic Operations, J. Crol. 

(Feb.) 1933. ^ c T Tirol 29'A8 (fit-’-) 

17. Young, H. H.; Discussion of Kidney Surger\, J. Dro . 
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by a new technic to remove the ureter from propiiujuity to tlie vascular 
cord by anterior and posterior plastic operations and to obtain a cure 
without either dividing the cord or transplanting the ureter. Since that 
time this technic has been carried out in several eases by Young and his 
associates with equally good results ; the author feels certain that in cases 
of hydronephrosis produced by vascular cords compressing the ureter 
at its juncture with the pelvis, this operation will give good drainage 
of the pelvis and cure the hydronephrosis. 

Rupture . — Ewell stated that traumatic rupture of a bydronephrotic 
kidney, although rare, should be borne in mind if renal injury is 
suspeeted, as its presence may alter the operative treatment in a given 
case. Cases in which rupture of the kidney in children is suspected as 
a result of mild trauma are usuallj' cases of hydronephrotic kidney. 
The symptoms are more variable in cases of rupture of hydronephrotic 
kidneys than in cases in which the kidneys are normal. Primary 
nephrectomy is the treatment of choice; however, in the light of knowl- 
edge of the surgical treatment of hydronephrosis, it may be possible 
in some cases to perform a conservative operation. 

Aneurysm. — Gerard,^® on the basis of 61 cases recorded in the 
literature as instances of aneur\'sm of the renal arteries (49 true and 
12 false), repudiated the idea that any but true aneurysms exist, stating 
that the so-called false aneurysms are merely complications of renal con- 
tusions. The old classification of traumatic and spontaneous aneurysms 
must also be discarded as unsound. The symptomatologic triad of 
pain, hematuria and perirenal swelling, classically accepted, is accord- 
ingly false, being founded on a nonexistent basis, since it was found 
in only 5 cases (10 per cent). Aneurysms of the renal arteries are 
equally common in males and in females and in the right and in the 
left artery. They are almost always unilateral and solitary. They are 
almost always situated outside of the renal parenchyma and in the 
immediate vicinity of the hilus or internal to it, most often in intimate 
connection with the renal pelvis. 

Nonruptured aneurysms develop in aged persons and are chiefl}^ 
due to arteriosclerosis. They have a tendency to exhibit calcification. 
Clinically, they are manifested by pain in the region in which they are 
situated. When they are calcified, roentgen examination may reveal an 
“annular shadow,” which is localized by pyelography at the hilus but 
outside the renal pelvis, thus making precise diagnosis possible. 

18. Ewell, G. N.: Traumatic Rupture of a Hydronephrotic Kidney, J. Urol. 
29:685 (June) 1933. 

19. Gerard, Maurice: Les aiieurysmes des arteres renales, J. d’urol. 34:353 
(Nov.) 1932. 
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Ivenal anemysms that rupture develop as a result of the ordinarv 
causes producing all aneuiysms. They occur most often in young per- 
sons and produce no clinical manifestations, their course being insidious 
and their existence unsuspected up to the critical moment when they 
rupture. ^ The prognosis in these cases is very grave. These aneurysm’s 
are a third more common than the nonruptured ti’pe. Rupture may 
be present in three clinical forms: 1. A pure hematuric form (33 per 
cent), with pain in the zone comprised. This t 3 ye is difficult to diagnose 
by the common urologic methods; arteriography may’’ be of assistance. 
2. A form with perirenal tumefaction, which is more common (almost 
50 per cent of cases). There are cataclysmic symptoms, a large peri- 
renal collection of blood and a sensation of pain and pressure. Accurate 
diagnosis is almost impossible. The course is rapid, and the prognosis, 
grave. 3. A mixed form (rare), which is also very grave. 

Treatment is always surgical. Gerard stated that treatment of non- 
ruptured aneury'snis has been attempted 5 times; in 4 cases of nepbrcc- 
tom}'', and in 1 case by removal of the saccular aneurysm, with suture 
of the hiatus and conservation of the kidney. A cure was obtained in 
all the cases, but all occurred relatively recently. In the 29 known 
cases of ruptured aneuiysm, 16 operations have been done: 3 between 
1900 and 1906, and the others since 1914. In 4 cases the operations 
resulted fatally; Pinkert’s case (laparotomy for occlusion by perirenal 
hematoma) ; Chisholm’s case (exploratory laparotomy for perirenal 
hematoma) ; Janssen’s case (exploratory lumbotomy followed by fulmi' 
nating rupture of the aneurysm), and Hinman and Olsons case 
(nephrectomy). In the other 12 cases, in all of which nephrectomy 
was performed, the operations were followed by cure. Orth, in 1919. 
succeeded in removing the aneurysmal sac and in conserving a lorlney 
with good function. This shows an interesting percentage (41.7) oi 


cures attributable solel)’- to operation. 

In cases of calcified aneurysms, Gerard stated that good sen.^c siwuW 
dictate whether or not to operate, as in other conditions m aged or 
arteriosclerotic persons. In ail cases of ruptured aneurysms, oj)crat(on 
is imperative. With the pure hematuric form, there is plenty of tune tor 
all the necessary urologic examinations, init with perirenal 
and the mixed form, operation is practically always essential am < e ■ 
cannot be risked. If it is in any way possible, however. ^ ^ 

value of the two kidneys should first be determined. j 

.„„3. is almost ahvays the operation indica.cl for Wl. ^ 

nonruptured forms. The pedicle .should f ^y'S he c 


nonruuiuicu ^ - ...u-iiri 

a precaution against hemorrhage a.s a result of ru[)ttire n 
sac during operation. 
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Decapsulation. — Putzu."" starting with the well known fact that the 
kidney is one of the organs regulating the acitl-hase eciuilihriuin of the 
blood, undertook to sec whether decapsulation caused any disturbance 
of this function. He made two scries of e.'ci)erinients on dogs of 
medium size. In the first series, after testing the alkaline reserve of 
the blood, he dccapsulated one kidney and then made tests twenty- four, 
forty-eight and seventy-two hours and five, eight, twelve, eighteen, 
twenty-five and thirty days after the operation. After a lajisc of one 
month, he decapsulated the other kidney and performed the same tests 
before and after operation, at the same intervals. In the second scries, 
he performed bilateral decapsulation in a single stage and made the 
same tests of the alkaline reserve and also tests of the renal secretory 
function. 

In all cases the operation at first caused displacemeut of the 
equilibrium in an acid, never in. an alkaline, direction. This began 
after twenty-four hours and increased uji to the fifth day; it then 
decreased from the eighth to the twelfth day, reaching the original level 
between the eighteenth and the twenty-fifth day. In 2 cases, in which 
the operative trauma was greater, the original level was not reached 
until the thirtieth day. 

As a result of these experiments, Putzu concluded that decapsu- 
lation does not produce any important or permanent disturbance of the 
acid-base equilibrium, and that, therefore, from this point of view the 
operation is almost devoid of danger. 

Resection . — Mastrosiinone studied experimentally the comparative 
results of simple resection and suture of the solitary kidne}'- and of 
resection followed by the implantation on the resected surface of a 
fresh autoplastic graft composed of a section, 1 cm. thick, of renal 
tissue which had a moment before been continuous with that surface. 
His study was particularly concerned with hemostasis, with the final 
fate of the implant itself and with the nature of any changes in renal 
function that might occur. He found that renal resection followed by 
the use of an autoplastic graft secures complete hemostasis and is 
always available, whereas resection followed by simple suture is not 
without danger of hemorrhage (secondary and late) and is not always 
feasible, since the piece of renal substance removed must be wedge- 
shaped if one is to produce a breach that can be sutured. When the 
former method is used, intravascular thrombosis is produced on the 
cut surface of the kidney, a consolidation of the vessel content which 

20. Putzu, F. ; L’influenza della decapsulazione renale sulla riserva alcalina 
del sangue. Arch. ital. di urol. 10:40 (Jan.) 1933. 

21. Mastrosimone. C. ; Resezione ed innesto autoplastico sul rene unico Ann 
ital. di chir. 11:2226, 1932. 
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mlurally affords it protection and also helps the graft to adapt itself. 

e tissues on hotli surfaces being the same, the capacity for coagulation 
evelops more rapidly, and the hemorrhage that immediatelj^ follows 
resection disappears rapidly and completely instead of slowly and 
tediously as when simple suture is performed. 

Although certain phenomena of necrobiosis and partial substitution 
of connective tissue occur in the graft, this process is so gradiml that 
it does no harm. The renal function is maintained in equilibrium 
and leveals no changes sufficient to contraindicate the method. On 
the contrary^ the presence of the graft appears to produce a greater and 
more rapid compensatory hypertrophy' which stimulates better function 
in the part of the kidney that remains than is observed udien the 
kidney is resected and repaired rvith simple suture. 

Hypertrophy. — Calef -- carried out studies on dogs for the purpose 
of discovering what histologic and functional modifications occur in the 
kidney' remaining in situ after removal of the opposite kidney. He 
found that there are never any histologic lesions suggesting degenera- 
tion or proliferation of the parenchyma, but merely compensatory liyper- 
trophy' as a result of increased work and hy'perplasia of the cells of the 
tubules and the glomeruli. Therefore, no increase in the number of 
renal elements was noted. The size of the glomeruli in particular was 
greatly increased for a certain time after operation, but it returned to 
normal later. The hy'perplasia also seemed to present regressive 
phenomena after two weeks. 

The compensatory hypertrophy in the dog is not permanent but lasts 
only until the renal elements are in a condition to exercise their entire 
function. When perfect function of the cells is attained and when their 
reserve energies enter into harmonious activity', the kidney' regains both 
macroscopically (in weight and size) and histologically' (in the appear- 
of the tubules and the glomeruli) the appearance that it had before 


ance 


operation. 

In experimental animals the renal function may return to iiornin 
after four or five day's. In a series of 13 human beings studied, se\cii 
or eight days were required if the removed kidney had been functioning 
well, but function returned almost at once if the removed kidney la^ 
been greatly changed. In man a period of polyuria follows the return 
of normal function, but this was never observed in animals. T le an i 
concluded that, regardless of whether or not the extirpated ki( ncy _ ^ 
been functioning well or ill, the kidney left in situ is capable o car . 
on the uropoietic function perfectly, histologic " Jc,!. 

excretion in the urine of pathologic substances never bar mg ic 
either in human beings or in animals. 

. Caleb Carlo: Modificazioni istologichc 
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Surgical Tccliiiic. — Bi;cr first jircsentccl his ]ia])LT on the technic 
and indications for aseptic nephro-urctcrcctoiny in 1921. Me and his 
stafi' had pcrfornieci -fO such operations without any operative inortalit}'; 
this suggested that the added ri.sk of removing the whole ureter through 
the second pararectus incision is negligible. 

The technic of the operation has not been changed. The kidney is 
freed, and its vascular pedicle is carefully tied and cut across, leaving 
the kidne\- attached to the ureter. The ureter is then freed, the hand 
being insinuated retropcritoneally. with great care, well below the iliac 
vessels, which can always be recognized by the pulsation. If care is not 
exercised, it is conceivable that the peritoneum, particularK' if unusually 
adherent, nia}' be inadvertently torn. It is also neccssarv’ to adhere 
closel}- to the ureter, proceeding gradualh- as the periureteral adhesions 
are bluntly separated with the fingers. When the ureter has been sepa- 
rated well down into the pelvis in this manner, it is tied with a heavy 
silk traction ligature, which lies on the jjatient’s abdomen, and the 
devascularized kidney is replaced in the wound and covered with pack- 
ing gauze. The patient is then rolled partly on his back so as to expose 
the iliac fossa and the region for the incision and the exposure of the 
ureter. An extra peritoneal avascular pararectus incision through the 
sheath of the rectus muscle is used for the approach to the ureter. No 
muscles are cut. The rectus muscle is pulled mesially, and the retro- 
peritoneal space is rapidly entered. By traction on the silk ligature 
attached to the ureter, this structure is easil)' identified, hooked up and 
freed from the bladder as well as upward, so as to liberate it in its 
entire course. The kidney can then be exposed, and by drawing on 
the silk traction ligature, the kidney and the attached ureter, ligated at 
its lower end and unopened, are readil}^ lifted out of the lumbar wound. 
Both incisions are closed in la 3 'ers, with as little rubber dam drainage 
as possible. 

Beer stated that the indications for complete aseptic nephro-ureter- 
ectomy are not often encountered, as may be noted by the fact that he 
has performed only 40 such operations in more than twelve years in 
a rather active service for patients with renal diseases. The three main 
indications for this operation are as follows: (1) papillary growths of 
the renal pelvis or ureter (4 cases) ; (2) tuberculosis of the kidney 
with marked stricture at the lower end of the ureter, associated with 
a large, dilated, very thickened or thinned ureter (empyema) (24 cases), 
and (3) hydro-ureteronephrosis or pyo-ureteronephrosis caused by 
intrinsic or extrinsic stricture at the lower end of the ureter, by a 
firmly impacted stone or by a unilateral dilated ureteral orifice (2 cases). 

23. Beer, Edwin; Further Experience with Aseptic Nephro-Ureterectom 3 ^ 
J. Urol. 29:135 (Feb.) 1933. 
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Infection. Kinclali reported a case of pyelitis cj'stica and ureteritis 
cystica diagnosed by urography and confirmed at operation; so far as 
can be determined by a study of the literature, this is the first case 
conclusivel)- diagnosed. Cystoscopy was not of diagnostic value since 
the bladder was not involved. The ureters were dilated because of 
obstiuction of their lumens by the c}'sts, mechanically causing back- 
pressure or interference with the peristalsis of the ureter. 

Ivindall suggested a method of treatment : Large ureteral catheters 
passed to the renal pelvis and left in place for several days may cause 
mechanical rupture of many cysts, and the injection of a solution of 
silver nitrate when the catheters are removed, bj- its astringent action, 
ma}^ destroy other traumatized cysts. 

URETER 

Tumor. — Spampinato reviewed SS cases of primary tumor of the 
ureter from the literature and added a case of his own. These rare 
tumors appear to owe their origin to some form of mechanical irritation, 
which is not infrequently furnished by the presence of calculi. The 
calculi themseh-es maj-, however, be secondar}^ resulting from urinary 
stasis with decomposition of urine, such as occurs in cases of disease of 
the prostate gland, or forming around coagulations of blood. Persons 
of both sexes are equally affected. The age of greatest incidence is 
between 50 and 60, but cases have been observed among patients aged 
from 32 to 80. The tumoi's may be of connective tissue, of epithelial 
tissue or of a combination of the two. They may'' be benign or malignant. 
Opinions differ as to which of these classes predominates, some authors 
having observed more malignant grou’ths and others more benign 
groudhs in the ureter. Papillary carcinomas are more common than 
nonpapillary’^ ones. There is a tendency to believe that when papillomas 
of the ureter are multiple they should be regarded as malignant from 
the outset. 

The eft'ect of the tumor on the remainder of the ureter and on the 
kidney is to cause an obstacle to the outflow of urine, rc.sulting in 
urinary stasis with consequent dilatation above the point of obstruction. 
The walls of the ureter become greatly thickened and may c\-cn resein i <- 
a loop of intestine. As a result of exaggeration of its length the urcur 
becomes tortuous and describes long spirals. The dilatation 
in tumors situated low in the ureters and in those of long dtini m . 
The content may be urine alone f hydro-ureter ) or urine mixed w.tl. n " ■ 

24. Kiiidall, Lloyd: Pyelitis Cystica and Ureteritis Cy.stic.i. J. Pro!. -9. 

^^2L^sJ!mpinato, Carmclo; Tumori primitivi deirurctc-re. -Ardi. K-d. d. t-.i- 
9:347 (Oct.) 1932. 
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(hemato-urcter). or it may l)Ccoinc inirulcMit as a result of secondary 
infection. The renal pelvis dilates and may become hydronephrotic. 
^iletastasis follows either the lymphatic or the hematic route. Some- 
times the retroperitoneal lymph nodes arc infiltrated, with secondarj' 
carcinomatous development. IMctastasis may also find its way to various 
organs of the body, and local diffusion may occur into the bladder, 
rectum, vagina, iliac hones or iliac vessels. The tumors var_v in size 
from that of a walnut to that of a lemon, or they may even he much 
larger, especially if the growth is sarcomatous. They occur more often 
in the lower part of the ureter and more often in the right ureter than 
in the left. 

The three principal symptoms are hematuria, pain and tumefaction. 
These are not pathognomonic, however, and there is no unanimity of 
opinion as to which predominates or as to the type of pain, which 
differs widely in individual cases. The differential diagnosis from 
renal tumor is very difficult because of the similarity of the symp- 
toms. Cystoscopy is sometimes decisive, for example, when it reveals 
a neoplastic plug protruding constantly or intermittent!}' into the bladder 
from a ureteral meatus. In 40 per cent of the cases the condition is 
diagnosed at operation or after death. Various erroneous diagnoses 
have been made, such as iliac sarcoma, ureteral calculus, vesical papil- 
loma or tumor of the kidney. If the ureteral catheter meets an obstacle, 
calculus should first be thought of, but the obstruction may be a kink or 
a tumor. A rule that is more or less sound, but not absolute, is that if 
during a hemorrhage examination reveals an obstruction without the 
shadow of a calculus, and if the hemorrhage increases in the course of 
maneuvers, a tumor of the ureter should be suspected. If a tumor is 
present, the flow of urine will lack its customary rhythm ; atony of the 
pelvis and ureter causes excretion of the urine drop by drop. If 
urohematonephrosis is found, it suggests a tumor of the ureter or pelvis. 
In some cases the catheter may remove a fragment of the tumor. If 
hematuria and pain persist after nephrectomy, it should be suspected 
that the ureter is at fault. Since this involves two operations, with loss 
of time and errors in prognosis, it is of great importance to make the 
correct diagnosis in advance of operation. When a tumor of the ureter 
has been diagnosed, the ideal procedure is nephro-ureterectomy in one 
or two stages. The performance of a more limited operation on the 
ureter alone in order to cause less trauma is not a sound practice in view 
of the fact that the renal function is often diminished when there is a 
tumor of the ureter (hydronephrosis, secondary infection, pyonephro- 
sis). which demands removal of the kidney as well. In addition, there 
is the possibility that a tumor appearing in the ureter may in realit\' 
be secondary to a tumor of the kidney or of the pelvis. 
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Stone. Ravich reported 758 cases of ureteral stones, 529 (69.8 
per cent) of which occurred among males, and 229 (30.2 per cent) 
among finales. There were 685 cases of single and 73 of multiple 
stones. Three hundred and forty-two patients had ureteral calculi on 
the nght side, 404 on the left side and 12 on both sides. In 684 cases 
roentgenograms gave positive evidence of stones, and in 74 cases the 
results were negative. In 54 of the cases in which the results of 
loentgen examination were negative a scratch on the wax tip of tlie 
catheter indicated the presence of a stone. In 8 of the remaining 
20 cases, stones were found projecting from the ureteral meatus; in 
2 cases the diagnosis was arrived at from the appearance of the orifice: 
in 1 case a defect in filling was apparent in the urogram, and in 9 cases 
stones were found free in the bladder. At times the grating noted on 
withdrawal of the catheter assisted in making the diagnosis. In Ravicli’s 
practice the wax-tipped catheter was as important in making the diag- 
nosis as were roentgenograms, and in the presence of stones composed 
of uric acid the use of the catheter was often the only measure whereb}' 
a diagnosis, could be made. 

Manipulative cystoscopic measures were necessary in most of the 
cases in this seides. With these procedures Ravich included : the simple 
passage of a ureteral catheter to dislodge the stone; dilatation of the 
ureter by indwelling single or multiple catheters or by ureteral bougies; 
extraction by means of a stone dislodger of stones impacted witlfin the 
ureteral orifice or the intramural portion of the ureter; enlargement of 
the ureteral orifice either by an electric cutting current or by scissors, 
and finall)', lithotripsj^ of a growing vesical stone by his lithotriptoscopc. 
In the remaining cases the stones either were passed spontaneously or 
required open operation. In 48 cases the calculus was passed spon- 
taneously; in 456 it was passed after the simpler cystoscopic manipu- 
lations ; in 37 it was extracted from the ureteral orifice, and in 20 it 
was found in the bladder and extracted^ 

Ravich stated that urinary stasis seems to be the only constant factor 
necessary for the formation of a stone in the urinarj'' passages, 
chemical character of the stone seems to depend on the hydrogen ion 
concentration of the urine, which may change from time to time aw 
thus accounts for the different laminae so often demonstrated m sloii 
Calculi seem to form when as a result of urinary stagnation son 
change occurs in the secretory function of the tubular 
ing coalescence or diminution of the protective colloids and con.s 
precipitation of the unattached crystalloids. Trauma, p,, 

tion and foreign bodies are often contributory causatue f. 

presence of stasis. 

A.: Critical Study of Ureteral Calculi, J- Urol. 29:1/1 Uc 

1933. 
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The fad tliat ureteral calculi occur twice as frequently anioiif^ males 
as among females, and the 80 per cent incidence among adults aged 
from 21 to 50 correspond with the incidence of inflammatory conditions 
of the adnexa. This is home out by the fact that in the 393 exami- 
nations of the prostate gland recorded, only 82 men (21 per cent) had 
what appeared to he normal prostate glands and seminal vesicles ; the 
remainder revealed some degree of recognizable pathologic change. The 
passage of ureteral stones is hindered by physiologic narrowings, kinks, 
strictures, fixation of the ureter and aton}' of the ureteral musculature. 

Spasm . — Samaan made a comparative study of the action of the 
antispasmodic drugs papaverine, .atropine and “visammin” on the 
intestine and the virgin uterus of the rabbit, on the ureter of the bull 
and of man and on the fundus of the dog’s bladder. He found that 
these drugs do not influence the tissues to the same degree and under 
the same conditions of spasm. 

Preparations of the tissues were stimulated by barium chloride, 
which acts directly on plain muscle tissue and contracts it, and by 
arecaline hydrobromide, which causes contraction by stimulation of the 
parasympathetic nerve endings in plain muscle tissue. In addition, 
"ammi visnaga” was used clinically on patients with impacted ureteral 
calculi. 

It was found that atropine relaxes the intestine and the virgin uterus 
of the rabbit, the ureter of the bull and of man and the dog’s bladder 
if they are made spasmodic through stimulation of the parasympathetic 
nerves; it fails to relax these organs if the cause of the spasm is directly 
muscular. For the bladder or the uterus, visammin and papaverine are 
of practically equal value in causing relaxation. Relaxation results when 
the spasm is mediated through the nerve, through the muscle or through 
both. Both papaverine and visammin relax plain muscle tissue by direct 
action. In the same concentrations papaverine is more effective than 
visammin on the intestine, whereas the contrary is true for the ureter 
of the bull and for that of man. This renders visammin superior to 
papaverine in the treatment of spasm of the ureter and of ureteral stone. 
Relaxation results when the spasm is mediated through the nerve, 
through the muscle or through both. 

Clinical evidence of the therapeutic value of ammi visnaga in relax- 
ing the ureter of man and thus allowing an impacted ureteral stone of 
suitable size to pass out through the natural passage or to descend to 
the bladder is presented. 

27. Samaan, Karam: The Pharmacological Basis of Drug Treatment of 
Spasm of the Ureter or Bladder and of Ureteral Stone, Brit. J. Urol. 5:213 
(Sept.) 1933. 
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bladder 

Tumor.—Geisinger stated that the entire group of nonepithclial 
tumors comprises onl}^ 10 per cent of all vesical neoplasms, and that 
Avhen the adenomas, sarcomas, angiomas, lipomas and embryomas are 
excluded from consideration, the held obviousl}^ becomes very mucii 
narrowed. In all, perhaps 50 cases of fibrous or muscular tumors of the 
bladder have been reported in the literature. 

In view of the fact that the muscular tumors of the bladder often 
do not produce s3’mptoms and are discovered only at necropsy, it is 
probable that the}’' occur more commonly than this statement indicates. 
Although they may occur in an}' situation, fibromas or myomas are 
generally found on the trigon or on the posterior wall of the bladder. 
They ma}' be submucous, pushing into the vesical cavity, sometimes witli 
a long pedicle; interstitial, corresponding to an intramural fibroid of 
the uterus, or peripheral, projecting into the peri^'esical tissues or tise 
peritoneal cavity. Histologically, the pure fibromas may be hard and 
slightly vascular or soft and highly vascular. In either case they are 
composed essentially of interlacing bands of fibrous tissue. Smooth 
muscle cells may or may not be intermixed to a varying extent, and 
th6 blood vessels ma}’ be greatly dilated. The growths are usually 
sharply demarcated, and there is no true infiltration of the vesical wall. 
They are typically benign, but malignant degeneration may occur in rare 
instances. Calcification, fatty changes or necrosis may be present, espe- 
cially in the hard fibromas on account of their poor blood supply. 

There ina}' be no symptoms. When the tumor is submucous it is 
more likely to give some indication of its presence at an earlier stage, 
although this type of groudih also may exist for a long time witliout 
disturbing the patient. Involvement of the ureteral orifice will caibc 
obstructive symptoms referable to the corresponding limb of the upper 
part of the urinary tract. 

Geisinger concluded that the treatment should be surgical, h'eii n 
accidentally discovered, the tumors should be removed. Sul)scf(ucnt 
growth may produce marked symptoms, and though malignant degcii 
eration is rare, there is a definite danger of its develoi)mcnt. 

Barringer stated that hematuria is a diagnostic symptom of 
of the genito-urinary tract. He expressed the belief, mortover, 
after irradiation of, and presumably after operation on. vcMca 
hematuria is an important symptom. He stated that m 7.'’ ["r 

28. Geisinger, J.: Fibroids of the Urinary Bladder, J. LtoI. 29:«I H..- 

29. Barringer, B. S., in discussion on R.-itlibiin. X. I ■ li'-a’.itiiri . 

30:23 (July) 1933. 
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of liis cases in which irradiation was carefully carried onl and hleeding 
occurred afterward, hematuria indicated that he did not have control 
of the tumor, and the growth recurred. 

Coffey"" reported 11 cases of cystectomy for carcinoma of the 
bladder. There were 3 deaths as a result of the operation — a mortality 
rate of 27.27 per cent. In 2 cases in which the operation was performed 
in two stages on women (first, ureteral transplantation, and second, 
cystectomy), the patients were alive and well. Two women who had 
far advanced carcinoma of the bladder which had been treated on 
numerous occasions by irradiation and fulguration died as a result of 
an attempt to perform transplantation and cystectomy at one time. In 
1 of these cases it was unwise to operate at all. The difficulties encoun- 
tered in these 2 cases revealed special problems which indicate that 
the combined operation is unpractical for women even if the condition 
is favorable for operation. Cystectoni}' was performed on 7 men with 
transplantation of the ureters at the same operation. There was 1 death 
— a mortalit}' rate of 14.28 per cent. Five men were alive and well, 
and all had been seen or heard from within a month of the presentation 
of Coffey’s paper. All had been examined within five months. There- 
fore, Coffey stated that 7 were symptomatically cured without evidence 
of recurrence following cystectom}' for carcinoma of the bladder. Aside 
from being perfectly well and comfortable, these patients were unusually 
happy and well satisfied with the results, as contrasted with patients 
afflicted with carcinoma of the rectum, who are often more or less 
morbid because of the inconvenience of a colonic stoma. 

Coffey stated that these results compare favorably with the results of 
treatment of carcinoma in any other part of the body. In fact, this 
limited experience, together with the knowledge that as a rule carcinoma 
of the bladder remains a local process for a long time before it metasta- 
sizes, leads to the hope that carcinoma of the bladder may yet be the 
most curable of all carcinomas Avhich invade the body and that, rvith 
added ex;perience, the operation when performed at an earl}' stage of 
the disease will be no more formidable than any of the other major 
operations for internal carcinoma. 

Coffey concluded that cystectomy for carcinoma of the bladder is 
probably one of the most successful operations that has been introduced 
for the treatment of carcinoma, for the reason that diagnosis is made 
early in the course of the disease whereas metastasis is late, and that with 
added experience the mortality rate undoubtedly will be low and the 
percentage of cures high. An essential part of the operation is trans- 
plantation of the ureters into the large intestine. This, to be successful, 

30. Coffey, R. C. : Cvstectomy for Carcinoma of the Bladder A.m T Sure 
20:254 (May) 1933. 
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must be performed by the submucous method ,of implantation. The 
author proposed three principles of technic for its performance. The 
first methoo may be eliminated immediately. The Third method, because 
of its simplicity, may be favored by some surgeons for the early stages 
of carcinoma of the bladder, in which the element of time is not impor- 
tant. For the same reason, it may encourage the performance of a 
radical operation early in the disease, as is done for carcinoma in other 
parts of the body. The chief criticism is that two operations are 
required for transplantation of the ureters. The second method is 
ideal for use in conjunction with cystectomy for carcinoma of the 
bladder because the two ureters are transplanted in one operation. In 
men, cystectomy is performed at the same time that the ureters are 
transplanted, with little, if any, additional risk. The objection is that 
special skill in the performance of intraperitoneal operations is required. 

Smith and Mintz studied 150 cases of tumor of the bladder with 
regard to age, symptoms, type of tumor, treatment and end-results. 
They analyzed 37 cases at necropsy as to the type and grade of 
carcinoma, the presence and distribution of metastasis and the existence 
of other pathologic conditions. 

The authors stated that the grade of malignancy of carcinoma of the 
bladder has no demonstrable relation to its tendency to metastasize. 
Squamous-cell carcinomas metastasize almost twice as frequently as 
papillary carcinomas. One important cause of the poor results of 
operations for carcinoma of the bladder is the long delay between tlie 
occurrence of the first symptom and the patient’s entrance into tiic 
hospital. A comparison of the results of treatment by resection. h> 
electrocoagulation and by implantation of radium showed that the Joirot 
number of deaths in the hospital occurred among patients treated !>.' 
electrocoagulation (26 per cent), the next lowest number among patients 
treated by resection (32 per cent) and the highest number ainont, 
patients treated by implantation of radium (41 per cent). The c;k- 
results of these three methods are approximately the same. The author.' 
expressed the belief that no one method is suitable for all tjT« o 
carcinoma. -The surgeon should be prepared to employ wluchcvcr 
method seems best suited to the individual case. 

ort • “4 

31. Smith, G. G., and ]\Iinfz, E. R.: Bladder Tumor, Am. J. Siirg. 

(April) 1933. 
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In the earlier stages extension of lymphosarcoma may' take place 
through the Ijanphatics, hut in advanced cases many of the; organs show 
apparently true metastatic growths wliich are satisfactoril}' explained 
only on the basis of invasion of the blood vessels.^ Reports of cases 
from the literature illustrate a direct extension of the disease to bones 
as well as hematogenous metastases.- Reports of larger groups. of 
patients yield little or no information as to the incidence of involvement 
of the bone in lymphosarcoma.^ 


CLINICAL STUDY 

The records of the iMeinorial Hospital for the Treatment of Cancer 
and Allied Diseases made available for analysis one hundred and sixty- 

From the Memorial Hospital for the Treatment of Cancer and Allied Diseases. 
Dr. W. B. Coley, Dr. Bradley L. Coley and Dr. Douglas Quick placed their 
cases at our disposal in the preparation of this study. 

1. Ewing, L: Lymphosarcoma, Neopla.stic Diseases, ed. 3, Philadelphia, W. B 
Saunders Company, 1928, p, 412. 

2. (fl) Paullin, J. E.; Internat. Clin. 4:192 (Dec.) 1931. (b) Pohle E A 

and Ritchie, G.; Radiology 18:635, 1932. (c) Kienbock, R. : Wien med’ 
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four cases in Avhicii the diagnosis of Jyinpliosarcoina was established bv 
biopsy or at autopsy. Seventeen patients ( 10.4 per cent) n-ere found 
to have nn-olveinent of the hone. In every instance the changes were 
demonstrable prior to death. 

In'le tlie duiation of lymphosarcoma before and after the involve- 
ment of the bone is variable, the total duration of the disease is siiorter 
than that usually seen in Hodgkin's granuloma. Most of the patients 
died before completion of the third year of the disease. In eight patients 
the clinical course prior to involvement of the bone gave no suggestion 
as to the rate of progress of the disease following osseous changes. Of 
eleven patients in whom change occurred in bones ndthin one year after 
the onset of S 3 unptoms (table 1), eight died a few months later. Five 
patients had evidence of lymphosarcoma from one year and nine months 
to four years and nine months before involvement of bones occurred. 
In one patient (case 14) lesions developed in the bones before other 
ev'idences of lymphosarcoma u-ere apparent. At autopsy tire lymph 
nodes were found to be involved. Two patients living at the time of 
writing have skeletal invasion which has existed for a year. In the 
patients who died, demonstrable changes in bones were noted from 
twenty days to one year prior to death.' 

The age incidence does not vaiw from that found in the genera! 
group of patients with lymphosarcoma. Too few cases with os.seoiis 
changes are available to estimate the greatest age incidence. The paticnt.s 
were mostl}' past the age of 20 }'ears. The extremes of age were 9 and 
65 3 'ears. The ratio of males to females was 1.6: I and was not different 
from that found in the general group of patients with h'lnphosarconia. 

Pain was an earl 3 ^ s 3 nnptom of involvement of the bone in eleven 
cases. The patients complained either of dull aching or of sharji lanci- 
nating pain. It could be accounted for by pressure on the nerves or li> 
destruction of the bone. The pain was not infrequentiv referred flown 
the arm or leg. Girdle pain was occasionall 3 ' recorded. In one patient 
tingling and numbness were present in the fingers of the right hand oik 
3 'ear and eleven months before osseous changes were demonstrated. 
Involvement of the mandible simulated toothache. Pain in the loutr 
part of the abdomen was a feature in one case. This was soon mllowo 
by S 3 ’mptoms of compression of the cord. 

Abdominal S 3 'mptoms were recorded in two other cases ot tbi> scrK ' 
prior to death. In one patient (case 3) roentgenograms revc-K' ■' 
deformit 3 ' about tlie cardiac end of the stomach. In the f>tlier " 
(case 12 ) an abdominal exploration showed markcfl involvement » '■ 

terminal portion of the ileum. In a third j)atient feast 1 ) tlu 1 
showed infiltration of the stomach by lynipbosarcntna. ^ _ 

The internal between the beginning of pain and the nccurrum ' 
demonstrable osseous changes varied from three nioiifb' to tw" 30 
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Signs and symptoms of compression of the cord were noted in three 
patients. In two instances they were observed before roentgenologic 
evidence of invasion of the bone was obtained ( cases 2 and 12). In one 
patient (case 9) signs of compression of the cord occurred hve months 
after the appearance of osseous changes in the first, second and third 
dorsal vertebrae. In this case pain in the interscapular region preceded 
the changes in the bone by ten months. Extensive herpes zoster was 
observed about the right shoulder girdle five months ]n-eviously. 

Rigidity of the spine was not infrecjuently associated with vertebral 
pains. 

CONSTITUTIONAL RESPONSE TO THE DISEASE 

The blood picture was usually that of secondary anemia. In a few 
instances in which single blood counts were done the observations on 
the blood were normal. In the majority of patients the white cell count 
was normal. Transfusions temporarily improved the blood picture. 
The white cell count varied from that of leukopenia to that of marked 
leukocytosis. A detailed analysis is complicated by the repeated effects 
of irradiation on the hematopoietic tissues. In cases 15 and 16 leuko- 
cytosis was observed with a preponderance of cells in the lymphocytic 
series suggesting the development of low grade lymphatic leukemia.'* 
In these two patients the white cell count showed lymphocytes ranging 
from 24 to 57 per cent. In fourteen cases the differential count of the 
white blood cells showed polymorphonuclear neutrophils ranging from 
38 to 92 per cent. Ten patients were found to have from 1 to 8 per cent 
eosinophils. A mild leukocytosis was often reduced to a normal level 
by irradiation. 

The urine rarely showed albumin. One patient's urine (case 16) 
was examined for Bence-Jones bodies and found to be negative. 

In general the patients had no prolonged cachectic periods ; as a 
rule they were in relatively good condition until near the end of the 
disease. 

INVOLVEMENT OF THE BONE 

A compilation of isolated reports of cases from the literature = indi- 
cates that the skull, spine and femur are most frequently^ involved. 

In our material the bones involved were in the order of frequency ; 
the spine, pelvis, skull, femur, humerus, tibia, scapula, mandible, fibula 
and ribs (table 2 and fig. 1). Pathologic fracture occurred five times. 
In case 2 pathologic fracture occurred in the left humerus and in both 
femurs. 

Collapse of the diseased vertebrae was not commonly obseiu’ed. 

^Roentgcnographic Sfiidics—Seen roentgenographically the lesions in 
tlic bones were either predominantly osteoplastic (fig. 2) or osteolytic 
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(l>Y. -V. In the loni: hDiios (lie cl/scase had no predilection for the 
part eontainin,!; niarnnv hut infiltrated (he hones extensively (fig. 4). 
As the disea.se progre.ssed. (he entire hone was frequently involved. 
A progre.ssioii of the disease was found to accentuate further the two 
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varieties of osseous change. In general, the osteolytic changes 

seen more fi-equently. . 

Roentgenograms of the skull showed a predominant ostcoc ■ 

i-eaction (fig. 5). Small miliary or larger single ‘ , 

destruction were seen. The ai-eas of destruction were 
iiy increased hone density i-cpresciitnig the formation of 
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A lesion in a rib (case 5) showed rarefaction without marked alter- 
ation in the structure of the bone. 

The vertebrae showed sclerosis with some destruction of bone, occa- 
sionally with partial collapse (fig. 2). In two instances (cases 11 
and 12) resorptive features predominated in the bones. A jreriostcal 
reaction about the diseased vertebrae was not seen. 



Fig. 1. — The solid black areas represent the sites most frequently involved; 
the checkered areas, the sites commonly involved ; the diagonal lines, those invaded 
occasionally ; the white portions, those rarely involved. 

The pelvis, especially the ileum, was frequently involved. In case 2 
(fig. 6) marked rarefaction with many small punched-out areas was 
observed in the ilium. The sacrum and fifth lumbar vertebra showed 
similar changes. In one instance (case 4) the pubis showed marked 
destruction with trabeculae not unlike a giant cell tumor (fig, 7). An 
osteolytic process predominated in all the pelvic lesions. The 
acetabula were involved less frequently than expected. 
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III iIk' iun,” hoiH's ;i dilTu.sc destructive process was common. Infil- 
trnlioii was the rule, often causlni^ partial collapse of the diseased bone 
with fracture ( fi.it. -1). Occasionally (here was thickening of the cortex 
associated with a periosteal reaction ( lig. 8). In some instances the 
destruction appeared centrally, eroding tire cortex from within the 








Fig. 2.-Roentgenogram depicting involvement of seen M.r- 

Note the predominant osteoplastic reaction. Areas of rarefact 
rounded by bone of increased density. 

marrow cavity. This reaction is l- 

„,etastatic carcinoma. The d.lTnse ^ .t.„ osico- 

clomiiBiit osteolytic ch,rnges is ciara rte|,rae. 

plastic reaction was noted pnncipalK in the 
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GROSS ^lATEUlAL AND ^^CUOSCO^IC SILDH’-S 
A biopsy was done on every patient while under ol)servation. A 
diseased gland was removed in each case. Autopsies were performed 
on three patients (cases 1, 12 and 14). 

In case 12 the diseased femur was obtained at autojrsy. 'I'lic lower 
end of the hone was found encased in a mass of tumor which was 



Fig. — ^Roentgenograni of the scapula showing rarefaction and frank destruc- 
tion along the axillary border. There is no periosteal reaction. 

attached to and involved the periosteum, forming a cuff 5 cm. long and 
1.5 cm. thick. The bony cortex was eroded by the tumor (fig. 9). The 
microscopic study (fig. 10) showed destruction of the hone by the 
tumor with no evidence of the formation of new hone. The tumor 
infiltrated through the haversian canals and extended beneath the 
licriosteum. A mass of nodes was also found closely attached to the 
hone in the region of the fifth lumbar vertebra and in roentgenographic 
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>lU(Hcs this proved to he involved. This invasion of the bone was by 
direct e.xtension. 

In case M the left scajmla was removed at autopsy. The supra- 
scapular fossa was found filled with a glistening rubbery opaque tumor 
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■ 4.-Note the diffuse involvement of fracture is 

The other humerus is normal. 

across 

,b„„. 4 mm. .hiA, 

lupraclavicular fossa to the tert . , reaction ma 
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Fig. 5.— Roentgen ray picture of the skuil showing small multiple punched-out 
areas of destruction. The areas of destruction were rarely surrounded by bone 
of increased density. 


Fig. 6. — The pelvis shows marked rarefaction, especially in the left ilium, with 
many small punched-out areas. The sacrum and fifth lumbar vertebra show 
similar changes. The heads of the femurs are infiltrated and show marked 
destruction. Note the bilateral fracture of the femurs. 
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( )f importance is the fact that when the tumor lies in close proximity 
to the hones direct extension of the disease to the bone occurs. The 
vertebrae are especially subject to involvement by direct extension. 



Fig. 7.— Roentgenogram of the pelvis „t cell tumor, 

pubis. The trabec„lu.io,.. give a picture ...u.lar to that oi gtaut 

The microscopic appearatice of the '-'’"‘P'’ ™ jj,Y„se growth 

was characteristic of reticttlttm cell general strttdttre 

of lymphoid 'fjjgJiV TI^ intlltta. cells varied in ^ 

of the nodes was obhteratec . 

nucleated cells were not observed (fig. lu;. 
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Dll'KIiRENTIAL OIACNOSIS 

Lymphosarcoma affecting hones may he. confused with metastatic 
deposits in hones from carcinoma, Hodgkin’s granuloma. Ewing’s tumor, 
the leukemias and osteomyelitis. 


r 



r \ R L 
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Fig. 8. — ^Roentgenogram of the tibias. The left tibia shows thickening of the 
cortex with some periosteal proliferation. Within the thickened cortex and in the 
upper shaft punctate areas of destruction are seen, .'kn area of rarefaction and 
destruction is seen in the upper shaft of the right tibia. A periosteal reaction is 
visible on the lateral side of the shaft. 

X’arving degrees of enlargement of the lymph nodes with or with- 
out the presence of a splenic tumor are characteristic of the disease. 
.V biopsy is of great value in establishing the diagnosis. 

Metastatic carcinoma usually shows central destruction of the bone 
witbout a periosteal reaction. If seen in the earlier stages, the first 
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ini-t:isl;i(ic deposits arc found near the point where the vessels emerge 
from tlu' hone. A.s in Hodjgkin's disease of the vertebrae and metastatic 
foci from carcinoma of the breast and prostate, lymphosarcoma may 
stinmiate an osteoplastic reaction. 

'I’he leukemias may he differentiated from lymphosarcoma by studies 
of the l)lood. IJf)wcvcr. in the terminal phases of lymphosarcoma a 
lymphoid leukemia may develop, complicating the clinical picture, and 
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Fig. 9.-Photograph of bisected potion of ‘f pS- 

tower end of the femur is encased m a mass arrow 

osteum. The cortex is infiltrated by the tumor, which 

cavity. 

there are cases of 

shows lymphosarcoma, but m which ^1- « . 

the course is similar to that of chrom } of involvc- 

Hodgkin’s granuloma ^ ^ . J the spleen, itching and 

meat of the lymph node, with pPe those occurrutg 

secondary anemia. The j ^ node is important fo 

in lymphosarcoma, and a biops) of a hup 



CRAVER-COPELAND— LYMPHOSARCOMA IN BONE 


823 


the differential diagnosis. In osteomyelitis, especially in the early stages, 
destruction of the hone with a periosteal reaction may he mistaken for 
lymphosarcoma. The leukocyte count is of value. A seciuestrum with 
a shaggy periosteal reaction characterizes the later stages of osteo- 
myelitis. Atypical osteomyelitis, however, frequent!}- requires a hiops}- 
to establish its identity. 

TREATMENT 

As in Hodgkin’s disease, one’s main reliance in the treatment of 
lymphosarcoma is on irradiation. The gross lesions of the hone may 



Fig. 10. — Microphotograph of reticulum cell lymphosarcoma involving the bone. 
The bone shows infiltration by the tumor. There is no evidence of osseous 
regeneration. 


be treated either by single large suber}i;hema doses or 1)}- fractional 
doses, with high voltage roentgen rays. Relief from pain is usually 
prompt. Reparative changes in the bones may be oljserved after treat- 
ment. In the terminal stages of the disease routine irradiation of all 
the bones is not attempted. This conservative attitude is taken because 
the severe anemia which exists in many of the late cases would only 
be aggravated by irradiation. 

SUMMARY 

1. due bundred and sixty-four patients with lymphosarcoma have 
been studied. 
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I . SfVciitiTii palicnts (10.4 per cent) were found to have involvc- 

iiieiit of the hone. ■ , 

3. 1 he hones most frecjiicntiy involved were tho.se of the spine and 
pelvis. 

4. ! ’.■ilholo_i(ic fracture was oh.served five times. 

3. Collapse ot tiie vertebrae was reiativeh' rare. Signs of com- 
pression of the cord were noted in three patients. 

t>. 'I'wo tyi)es of os.seous clianges were noted; an osteolytic and an 
osteoplastic change. Osteolytic changes predominated. A combination 
of both was seen occasionally. 

7. 'J'wo routes of involvement of the bone were olnserved; (1) the 
heniatogenous route and (2) direct infiltration from contiguous dis- 
ea.sed lymph nodes. 

5. The histopathologic studies showed all the specimens to be 
reticulum cell lyinpho.sarcomas. 

9. 'J'he stomach was iiu'olved by lymphosarcoma in two cases: the 
ileum, in one ca.se. 

10. All the patients except one had evidence of involvement of the 
iynpih nodes prior to demonstrable osseous changes. 

II. In two patients a low grade lymphatic leukemia developed prior 
to death. Histologically the lymph nodes showed tyjn’cal lymphosarcoma. 



EFFECTS OF DIVERTING THE GASTRIC CONTJ^-NIS 
TO THE LOWER INTESTINAL LEVILLS 


PAUL E. HcNASTER, JkI.D. 

LOS ANGELES 

As a result of much clinical and experimental work, the ulcer- 
producing effect of the gastric contents on the jejunal mucosa following 
gastrojejunostomy is well established. Few reports have been published 
concerning the effects of diverting the gastric contents to lower intestinal 
levels. This work was designed to study the results of shifting the 
outlet of the stomach to progressively lower levels from the duodenum 
to the colon, inclusive. 

Rienhoff,^ commenting on the incidence of jejunal ulcer after 
gastrojejunostomy, mentioned that it has occurred in as high as 25 per 
cent of clinical cases. Fie failed to find marginal ulcers following 
gastroduodenostoniy, and having noted further that spontaneous ulcer- 
ation of the third or inferior portion of the duodenum does not occur, 
advocated infrapapillary gastroduodenostoniy in preference to gastro- 
jejunostomy, although it is technically more difficult. After a series 
of e.xperimental results in dogs, Ivy and Fauley ■ came to the conclusion 
that the duodenal mucosa is less sensitive to the acid gastric content 
than is the jejunal mucosa. They stated that if gastro-enterostomy must 
be done, pyloroplasty or gasti'oduodenostomy is preferable to gastro- 
jejunostomy as far as postoperative ulcer is concerned. These investi- 
gators sectioned the duodenum about 1 inch (2.5 cm.) below the pyloric 
sphincter, then anastomosed the jejunum to the duodenum and drained 
the alkaline juices into the lower 15 inches (38.1 cm.) of the ileum. 
The acid gastric content thus came in contact with the upper duodenal 
and the jejunal mucosa. Of twelve dogs, eight died of perforating or 
bleeding jejunal ulcers. There were no duodenal ulcers. 

An experimental comparison of the incidence of postoperative ulcer 
following gastro-enterostomy and gastro-enterostomy with duodenal 
drainage was made by Exalto in 1911. In this study he performed 
gastrojejunostomy and failed to obtain jejunal ulceration in seven 

From the Department of Surgery, University of Chicago. 

1. Rienhoff, W. F., Jr.: Infrapapillary Gastroduodenostoniy by Mobilization 
with Rctromescntcric Displacement of the Duodenum and Tejununi \nn Stir"- 
95:183, 19,32. 

2. Ivy, A. C.. and Fauley. G. B. : The Chronicity of Ulcers in the Stomacli 
and Upper Intestine, .^m. J. Surg. 11:531, 1931. 

3. Exalto. J.; Ulcus jejuni nach Gastroenterostomie, Mitt a d Grenz"-cb'd 

Med. u. Chir. 23:13. 1911. ' » ■ • 
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111 K.ur (logs Iic pc-rfonml a Y-anastoniosis of Roux and 
cMcnuntoiX'fl jojitiial ulcers in three experiments. Following this he 
perloi-med a gastrojejunostomy and then short-circuited the duodenal 
eoiUents into the colon. J-Jc oh.servcd ulceration of the jejunum in each 
ca.se. Leriche ' statcfl that he had an occurrence of 6 per cent of 
jejunal ulcers after siinjile gastrojejunostomy, wdiile after the Y-anas- 
tomosis of Ivoux the incidence was 16 per cent. ARimerous investigators, 
sucli .IS Mann and Wdlliainson," Ivy and Faulej'," Matthews and 
niagstcdt." Gallagher and Palmer ' and Steinberg and Proffitt,* con- 
rnmed this high incidence of jejuna! ulceration after short-circuiting 
the duodenal juices to the lower intestine, invaginating the upper cut 
end of the (Inoclciniiu and performing either end-to-end or end-to-side 
anastomosis of the jwloric cn<l of the stomach to the jejunum. Hence 
it is seen that the alkaline duodenal juices are important in the preven- 
tion of ulcer because of their neutralization of the acid gastric contents. 

A marked decrease in resistance to the formation of peptic ulcer 
following ligation of the common bile duct was noted by Bollman 
and IMann.® In sixty-four dogs in which the common bile duct had 
been ligated, fort_v-one developed acute, subacute or chronic .duo- 
denal or gastric ulcers in from Aa’c to two hundred and ninety- 
five days postoperatively. Elman and Hartmann drained the 

pancreatic juice to the outside by intubation of the pancreatic ducts 
in six dogs. The animals -were kept in good condition by careful feeding 
and intraperitoneal reinjections of a "combined solution” “ in 5 per cent 
dextrose. Spontaneous duodenal ulcers developed in each case. This 
work also illustrates the role of both bile and pancreatic juice in the 
prcA^ention of peptic ulcer. The mechanism of this protection is probably 
through the neutralization of the gastric acidity by reflu.x into the 


4. Leriche, R. : Pathogenic de I’ulcere peptique post-operatoire, J. de chir. 
38:465, 1931. 

5. Mann, F. C., and Williamson, C. S. : The Experimental Production o 

Peptic Ulcer, Ann. Surg. 77:409, 1923, _ . 

6. Matthews, W. B., and Dragstedt, L. R.: The Etiology of Gastric and 
Duodenal Ulcer: Experimental Studies, Surg., Gynec. & Obst. 55:265, 1932. 

7. Gallagher, W. J., and Palmer, W. L.: Experimental Jejuna! j 

tive Importance of Mechanical and Chemical Factors, Proc. Soc. Exper. lo ■ 


Med. 30:468, 1933. . „ 

8. Steinberg, M. E., and Proffitt, J. C. : The Etiology of Posfoperatne P 

Ulcers, Arch. Surg. 25:819 (Nov.) 1932. • ,„( nhstruc- 

9. Bollman, J. L., and Mann, F. C. : Peptic Ulcer m Experimental 0 

tive Jaundice, Arch. Surg. 24:126 (Jan.) 1932. nirprc of Duodenum 

10. Elman, R., and Hartmann, A. F.: Spontaneous i93l. 

After Continued Loss of Total Pancreatic Juice, Arch. Surg. • (c^jfric and 

11. Hartmann, A. F., and Elman, R.: The Effects in 

Pancreatic Secretions and the Methods for Restoration of formal C 

the Body, J. Exper. Med. 50:387, 1929. 
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stomach. The neutralizing power of duodenal juices is further shown 
by a comparison of the work of Dragstedt and Vaughn and Matthews 
and Dragstedt.''' The former workers, in order to study the resistance 
of the intestinal mucosa to gastric digestion, made a large window in 
the anterior wall of the stomach. The opening was then filled with an 
intestinal flap taken from various levels of the bowel. The flap was 
prepared as follows : A segment of intestine was excised, the blood sup- 
ply to it being left intact, and the continuity of the intestines was rees- 
tablished by an end-to-end anastomosis. The isolated segment was opened 
by an incision along its anti mesenteric border and sutured into the 
window cut in the stomach. In this manner the mucosa of the duodenum, 
jejunum, ileum and colon was exposed to the gastric contents. When 
the segments were examined twelve months later, the mucosa of each 
was entirely normal macroscopically and microscopically. Matthews and 
Dragstedt carried out a similar procedure with a segment of colon, but in 
addition inserted a one-way valve in the pylorus, which, because it pre- 
vented regurgitation of the duodenal juices into the stomach, produced 
ulceration of the mucosa of the colon. 

That the chemical action of gastric juice will produce chronic ulcer 
is shown by the not infrequent clinical finding of a chronic or perforated 
ileac ulcer at the margin of a Meckel’s diverticulum containing gastric 
mucosa as reported by Aschner and Karelitz i-'' and Lindau and Wulff.^* 
With the constant finding of typical gastric glands in these diverticula 
it is assumed that the acid secretion from the glands is the causative 
factor of the ileac ulcer. By anastomosing Pavlov pouches to a spur 
of the ileum, Matthews and Dragstedt® produced experimevitally in 
dogs ulcers similar to those found in man adjacent to Meckel’s diver- 
ticulum. Chronic progressive ulcers resulted in 100 per cent of the 
experiments. When Pavlov pouches were anastomosed to a spur of 
jejunum, ulceration occurred in 85 per cent of the animals. 

In 1932, Rivers and Wilbur found the reports of three cases 
of gastro-ileostomy and added reports of seven cases from the records 
of the Mayo Clinic. In the three cases from the literature which they 
reviewed as well as in their own cases, the anastomoses had been per- 
formed by mistake, and subsequent operation was necessary for the 
relief of persistent or newly acquired symptoms. Of the three cases 

12. Dragstedt, L. R., and Vaughn, A. M.: Gastric Ulcer Studies; The 
Resistance of Various Tissues to Gastric Digestion, Arch. Surg. 8:791 (Mavl 
1924. ^ 

1.1. Aschner, P. W., and Karelitz, S.; Peptic Ulcer of Meckel’s Diverticulum 
and Ileum, Ann. Surg. 91:573, 1930. 

14. Lindau, Arvid, and Wulff, H. : The Peptic Genesis of Gastric and Duodenal 
Ulcer, Surg., Gynec. & Obst. 53:621, 1931. 

la. Rivers. .A.. R., and IVilbur, D. L.: The Syndromes of Gastro-IIeostomv and 
Gastro-Iliac Ulcer, Surg., Gynec. & Obst. 54:937, 1932. 
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The efVecl un i.,te.sti„al „„,cosa. hlood clilorides and bodv weight 
"( (logs after the gasfrtc content had been diverted to different levels 
'n the intestinal tract was studied. After the stomach liad been cut 



Fig. 1- — Diagrammatic illustrations showing, in o, the line of incision tliroiigh 
the prepyloric portion of the stomach, and in l>. c. d and c, the anastomosis of the 
open end of the stomach to the side of the duodenum, jejunum, ileum and colon, 
respectively. 

through about 1 cm. proximal to the pvloric sphincter, the duodenal 
stump was invaginated. and the gastric end anastomosed to the side 
of the bowel at various levels from the duodenum to the colon, inclu- 
sive, as shown in figure 1. 

Healthy adult dogs were used. Preoperative weights and estimations 
of the blood chlorides were recorded. Chlorides were determined 
milligrams of sodium chloride per hundred cubic centimeters of bh*^ 
according to the method of Hawk and Bergeiin.”’' i\JorpIiinc-et ler 

16. Hawk, P. B., and Bergeim. Olaf: Practical Physiological Chemisf''.'. 
Philadelphia, P. Blakiston’s Son & Co., 1927, p. 402. 
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anesthesia and the usual asei)tic operative technic were employed. 
Clamps were used only on the stomach. In approximately half of the 
series catgut was used, while in the other half of the experiments linen 
was used for suture material. In none of the cases in which linen was 
used was there evidence of ulceration about the material when it was 
examined post mortem. The ulceration which occurred was separated 
by a zone of mucosa from the anastomotic line; hence in this series, 
the material of the nonabsorbable suture had no relation to ulceration. 
The animals received nothing by mouth for three days postoperatively, 
but they were given intravenous injections of a physiologic solution of 
sodium chloride daily. After this, they were fed the regular stock diet 
of ground meat and bread, and allowed to drink fluids. Daily observa- 
tions were made for vomiting or diarrhea. Weights and determinations 
of the blood chlorides were recorded at irregular intervals but usually 
once a week, unless the animal was rapidly losing weight, when more 
frequent observations were made. 

Thirty-five experiments were performed as follows : gastro- 
duodenostomy, four ; gastrojejunostomy, eleven (the sites ranged from 
a few centimeters to about 60 cm. distal to the duodenojejunal junction) ; 
gastro-ileostomy, ten (including levels from high in the ileum to within 
15 cm. of the ileocecal valve), and gastrocolostomy, ten (the sites 
included the cecum and the ascending and transverse colon). 

GASTRODUODENOSTOMY 

The four dogs that underwent gastroduodenostomy lost no weight; 
two gained weight. They all maintained the preoperative blood chloride 
levels, and none acquired ulceration of the duodenal mucosa when killed 
and examined five, seven, ten and twelve months, respectively, after 
the operation. Linen had been used for the suture material in three 
of these dogs. The anastomoses were made at levels of from 10 to 16 
cm. distal to the pyloric sphincter. 

GASTROJEJUNOSTOMY 

Of the eleven gastrojejunostomies performed, five produced jejunal 
ulceis, one of which was healed and four of which were chronic or 
perforated (figs. 2 and 3). Most of the animals maintained their pre- 
operative weights unless symptoms of ulcer, namely, anorexia, vomiting, 
bstlessness and tarry stools, developed, in which event there was usually 
a rapid loss in weight. Blood chlorides remained essentially the same 
as before operation, with a few unimportant variations in some of the 
dogs. Table 1 gives the results for this series. 
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GASTRO-ILEOSTOJrV 

Seven of the ten gastro-ileostomics led to definite discrete ileac 
ulcers (figs. 4 and 5). One animal revealed marked, diffuse ileitis 
extending distally for approximately 10 cm. from the anastomosis when 
examined at autopsy thirty-eight days after operation. It was also noted 
at postmortem examination that if the anastomosis was in the lower 
portion of the ileum, hemorrhagic colitis was present. This was seen 
grossly as superficial hemorrhages and small erosions in the mucosa 
of the large bowel. The irritation occurred practically always in the 
distal half of the colon, whereas the proximal jrortion of the large 
intestine was usually free from visible signs of irritation. Microscopic 


Table 1. — Gastrojcjiiiinsloitty 



Duration 
of Experi- 
ment, 
Days 



Blood Chlorides 

Weight, Kg. 

Dog 

Cause of Dentil 

Ulocr, 

elejunal 

Pre- Just Before 
operative Death 

Pre- 

operative 

At Death 

2’2S 

307 

Peritonitis; perforated 
jejunal uicer 

+ 

390 

410 

19.1 

10.2 

220 

339 

Killed 

0 

402 

442 

15.8 

14.8 

217 

146 

Peritonitis; 3 perfo- 
rated jejunal ulcers 

+ 

424 

40S 

13.5 

7.8 

218 

125 

Killed 

0 

442 

4S4 

12.2 

11.4 

222 

8 

Distemper 

0 

450 

430 

8.4 

8.0 

S09 

54 

Distemper 

0 

402 

440 

15.0 

1S.S 

«0 

94 

Klilcd 

0 


. . . 

15.4 

14.0 

924 

104 

?; Tory cachetic 

+ 

healed 

442 

404 

11.5 

5.4 

m 

91 

Peritonitis; perforated 
jejunal ulcer 

-f 

452 

44S 

17.8 

10.0 

C40 

97 

Killed 

+ 

47C 

500 

9.8 

9.4 

219 

18S 

Peritonitis; perforated 
jejunal ulcer 

-1- 

450 

435 

12.1 

0.0 


sections revealed multiple hemorrhages and small erosions in the mucosa 
of the distal half of the colon. If the anastomosis was in the lower 
portion of the ileum, the animals lost considerable weight and had 
blood}'^ diarrhea; the blood chloride level fell in one case to 68 per cent 
of the normal value. 'When symptoms of anorexia, vomiting, bloody 
diarrhea and loss of weight appeared, a diagnosis of ulcer was made 
and in each case verified at autopsy. Table 2 gives the results of these 
experiments. 

GASTROCOLOSTOMY 

Ten animals were used, and the anastomoses were made into the 
cecum or into the ascending or transverse colon. The dog in this series 
which siuu'ived longest lived only twenty days. The most noticeable 
symptom was very severe and profusely bloody diarrhea. The animals 
rapidly became emaciated, although a few ate well. Some refused food 
and water. A secondary anemia with hemoglobinometer readings of 
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Fig. 4 . — Three ileac ukers, one walled off, one acute and one perforated, leading 
to peritonitis thirty-six days after gastro-ileostomy. The anastomosis is 15 cm. 
from the ileocecal valve. 




Fig. 5. — Large chronic ileac ulcer with perforation (shown In hlach 
entj"-four dar's after gastro-ileostomy. 
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T A n I .E o . — Gastrocolnsloiny 


Dojr 

Ana.sto- 

niosls, Dunitlon 
Distal to of 

Ileocecal E.xipcri- 
valve, nient, 


f 

Hemor- 

rhagic 

Blood 

Chlorides 

Pro- .Tiist 

opera- Before 

Weight, 

Kg. 

^ -A 

Pre- 

opera- At 

Cm- Days 

Autopsy Observations 

Colitis 

lively 

Death 

tively 

Death 

OS 7 

10 20 

Pucuinonln: hemor- 
rhagic colitis 

4- 

454 

310 

2S.S 

20.8 

990 

S 4 

Perlannstoniotie peri- 
tonitis; hemorrhagic 
colitis 


“10 

405 

1C.2 

13.0 

4C9 

12 B 

Hemorrhagic ulceration 
of colon; gastric ulcer 

"T 

459 

274 

17.9 

13.8 

C93 

IS 5 

Pneumonia; hemor- 
rhagic colitis 

+ 

420 


is.o 

15.2 

11 

15 4 

Hemorrhagic colitis; 

3 acute ulcers of colon 

4- 

45G 

3C2 

29.8 

2G.C 

4G 

8 3 

Hemorrhagic colitis 

-1- 

44S 


18. S 

1G.4 

49 

l.j g 

Hemorrhagic colitis; 
hemoglobin just prior 
to death, 45 mg. per 

100 cc. 

T* 

41G 

332 

25.4 

20.4 

2lo 

10 11 

Hemorrhagic colitis: 
hemoglobin just prior 
to death, 40 mg. per 

100 CC. 

-i- 

4S3 

194 

11.2 

G.3 

9SG 

8 2 

Slight local peritonitis 

-l_ 



17.5 

10.2 

50 

12 7 

Anastomotic leak; local 
peritonitis; hemor- 
rhagic colitis 

■r 

4G2 

. 230 

22.0 

14.0 
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‘10 aiul 45 per cent was noted in two dogs, and anotJier had a hemoglobin 
reading of 50 per cent. Determinations of the blood chloride declined 
rapidl}- and in one case dropped to 40 per cent of the initial figure shortly 
lieforc death. At autopsy marhed hemorrhagic colitis with numerous 
superficial hemorrhages and erosions, as well as free blood in the lumen 
of the colon, was seen grossly in each case. The proximal half of 
the colon was involved only once in this severe case of colitis, while 
in the other cases, e\’en thougJi the anastomoses were in the proximal 
portion, there was no irritation near the stoma or in the proximal half 
of the laige bowel. The colitis extended to tlie anus. Microscopic 
examination of the hemorrhagic areas showed many mucosal hemor- 
rhages and small erosions. In one animal a large acute ulcer of the 
pyloric region of the stomach was encountered. Table 3 shows the results 
of this series. 

coxrjrEXT 

Ivy and Fauley - and others found that there is a higher incidence 
of postoperative ulcer following end-to-end anastomosis of the stomach 
and small intestine than following end-to-side anastomosis. In my 
experiments only end-to-side unions were made. xAlso the pyloric 
sphincter was not included in the end of the stomach. Thus the increased 
motor drive normally exerted by the sphincter was absent. This niim- 
niized the factor of mechanical trauma in the formation of the ulcers. 
The anastomotic stoma was made large in order to obviate gastric 
retention, which is thought to increase gastric aciclit}' and predispose to 
the formation of ulcers. 

From the results of the experiments it appears that the acid gastric 
content was the most important etiologic factor in the formation of 
ulcer. No ulceration was noted in the duodenum after four gastro- 
duodenostomies. In these experiments the acid content of the stomach 
was rapidly neutralized by the duodenal juices, the formation of ulcer 
thus being prevented. However, as the outlet of the stomach was placed 
at progressivel}'^ lower levels in the intestines, the incidence of ulcer 
increased. This may be explained by an increasing sensitivity of d'c 
intestinal mucosa at progressiA'ely lower levels, by partial absorption 
of the neutralizing duodenal juices in the duodenum and the upper 
of the jejunum, or by changes in the duodenal juices at lower !e^es in 
the intestine by which the neutralizing pro])erties of the jmees arc 
greatly reduced. Even though the pyloric sphincter was alisent at tw 
anastomoses, which were made large, half of the ulcers in the sma 
intestines occurred opposite the stoma. This fact lends some 
to the theory of mechanical trauma as a factor in the production 
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ulcers. McCann ami others considered mechanical factors important 
in their expevintental nkers. 

Support is jiiven to the acid theory of the formation of nicer, in 
preference to the mechanical theory, hy the condition in the dnodennm 
and colon after ojreration. In the dnodennm there were no nlcer.s. while 
in the colon, allhongh jrractically no irritation was seen ahont the 
anastomoses, the distal jiortion was the seat of severe irritation. As 
the food which the animals ate was well }t;ronnd before administration, 
the irritation in the colon cannot he entirely ascribed to tranma from 
“ronghage." 

If the outlet for the contents of the stomach was jilaced in the lower 
portion of the ileum or colon, the body weight and blood chlorides 
fell rapidly. This did not occur if the anastomosis was in approximately 
the upper two thirds of the small intestine, unless symptoms of ulcer 
developed, when it was noted that the weight fell, but the chlorides 
remained essentially normal. 

The use of nonahsorhablc suture material (linen) in half of the 
operations caused no mucosal irritation or formation of ulcer. 

In a few of the autopsies food was found in the intestines proximal 
to the anastomosis, indicating a reverse peristalsis of the small intestines. 
Efforts were made in four experiments to show this reverse peristalsis 
hy the administration of barium sulphate hy stomach tube and roent- 
genologic study, but were unsuccessful. 


SUMMARY 

1. End-to-side anastomoses between the open pyloric end of the 
stomach and the progressively lower levels of the intestine from the 
duodenum to the colon, inclusive, were made in thirty-five dogs. 

2. The intestinal mucosa was increasingly more sensitive to gastric 
content from the duodenum to the colon. No duodenal ulceration fol- 
lowed gastroduodenostomy. Jejunal ulceration was noted in five of 
eleven dogs (45 per cent). Ileac ulceration developed in eight of ten 
animals (80 per cent) after gastro-ileostomy. Each of ten dogs had 
marked hemorrhagic colitis subsequent to gastrocolostomy, and usually 
this led to secondary anemia. The mucosa of the distal half of the 
colon was much more sensitive to the acid gastric content than was that 
of the proximal half. 

3. Following anastomosis of the stomach to the lower portion of the 
neum or colon, the blood chlorides and the weight fell rapidly, and there 
'vas often a marked bloody diarrhea. 

192^ I- C--- Experimental Peptic Ulcer, Arch. Surg. 19:600 (Oct.) 
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Fig. 10. — Rubber tubing was present at a but fell out in sectioning. It had been 
in contact with the blood vessel (c) of a rabbit for two days. At b is the graniilo- 
cytic membrane. .A few polymorphonuclear leukocytes are infiltrating the vessel 
wall ; (I is uncoagulated blood in the vessel. 
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Microscopic study of forty-eight hour specimens showed slight edema 
of the vessel walls. Vhe blood within the vessel was beginning to organ- 
ize as a healthy appearing thrombus. The organization extended from 
the Avail where the gauze Avas in direct contact. 

Nine da}"^ specimens shoAA’ed the A'essel filled Avith a rapidly oiganizing 
thrombus (fig. 12). Later stages shoAved a continuation of a healthy 
organizing process. 

Ligation of a vessel may result in the rapid development of a throm- 
bus near the point of ligation when the intima is injured, but uncoagu- 
lated blood may remain in the vessel for Aveeks if the intima is not 
traumatized in ligation. 
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used for drainage. Thus one niay also explain the absence of this factor 
when gauze is used. The irritating effect of gauze is just sufficient to 
stimulate the development of fibrillar fibrin, with the result that blood 
and lymjdi vessels are effectively sealed. 

I here Avas a certain degree of damage to the vessel walls in contact 
with the rubber, in some cases amounting to actual necrosis. This 
requiied a number of dat'S to become marked. The observation is of 
practical importance as it shows the easj' possibility of secondary hemor- 
rliage resulting from rupture of damaged vessels when rubber tubing 
has been allowed to come in contact with them over too long a period. 

Space does not permit me to describe details of the behavior of 
tissue in the presence of some of the other more commonly used drain- 
age materials. Scarcely any of them fail to produce a reaction. Even 
rubber dam is surrounded with a thin granulocjm'c membrane within 
two days after it is placed in a wound. Cellophane also produces a 
reaction, but one of almost negligible degree. 

The discussion presented is not expected to serve as adequate direc- 
tion for the handling of individual cases. It is onlj’- by study of the 
fundamental principles and their application to the task to be accom- 
plished that one can expect to produce the most favorable results. 


SUMMARY 


1. Rubber tubing used for drains in wounds creates a grainilocyttc 
membrane on the wall of the rvound where the rubber touches it, delaying 
healing. 

2. The rubber tubing creates, by'’ overstimulation of the tissue and 
b}'- preventing coagulation, an excess amount of drainage not incident 
to the surgical procedure, 

3. It should not be used as drainage material in dean rvounds. 

4. The manner of response of the tissue to rubber tubing ma)' 
an advantage in draining infected wounds. 

5. In clean umunds gauze becomes fixed to the tissue after a fer' 
hours, but it is loose again in from six to eight days, and its remo\a 

is easy. . . ■ i - 

6. If the gauze is allowed to remain long past this time, it become^ 

firmly and permanently fixed in the tissue. ^ • i r i 

7. In clean wounds an ideal surface for rapid healing is e 

the gauze is remoA'ed. . , 

8. Rubber tubing delays formation of a thrombus m vess , 


gauze may promote it. 

9. Rubber tubing may cause rupture of blood A-esse s i 
to come in contact with them over too long a period. 


aliowed 



OSTEODYSTROPHIA FIBROSA UNILATERALIS 

REPORT OF A CASE 
ERNST FREUND, M.D. 

IOWA CITY 

The case to be reported presents an unusual unilateral skeletal lesion 
which shows intimate relationship to Ollier’s achondroplasia, from which 
it can, however, be differentiated roentgenologically, histologically and 
even clinically. 

REPORT OF CASE 

History . — The patient was a girl who came under clinical observation in 1926, 
at the age of 7 years. She began to limp on the left side in the spring of 1924. 
March, 1925, she fell to the floor and sustained a fracture of the left femur. She 
was taken to a hospital, where a diagnosis of bone tumor or cyst was made, based 
on roentgenograms. Solid bony union did not occur until March, 1926, following 
a period of traction and fixation in a plaster cast. The patient was symptomless 
except for an occasional dull pain in the region of the left hip, especially when 
the weather changed. When she was first seen in the clinic a diagnosis of osteitis 
fibrosa cystica of the upper end of the femur, with a healed pathologic fracture, 
was made. She did not report again until October, 1932, at which time her 
mother stated that the left leg had been bowing progressively. In the latter part 
of July, 1932, she fell hard on the left arm and had a dull pain at the junction 
of the upper and middle thirds of the humerus. The arm swelled one-third larger 
than its normal size. The swelling disappeared within one week, and the pain 
within two weeks. No physician was consulted. 

The patient was a well developed and well nourished white girl (fig, 1), who 
walked on crutches because of a marked deformity of the left lowfer extremity. 
The most striking objective finding was the asymmetry of the face and extremities. 

Head . — There was a slight but distinct asymmetry of the face, the left side 
being somewhat underdeveloped. The muscular action on the left side was slightly 
decreased, and the patient said that she "smiled higher” on the right side than 
on the left. The pupils were round, regular and equal and reacted to light and 
in accommodation. There was no difference in the vascularity of the two halves 
of the face, and blushing occurred in equal degree on both ears and both cheeks. 
The mouth, neck, chest and abdomen were not remarkable. 

LcU Upper Extremity . — The left arm was thicker than the right, and there 
was some anterior bowing at the middle of the humerus. Palpation revealed a 
more diffuse enlargement of the bone ; there was no tenderness. The left forearm 
showed a similar swelling in its upper two-thirds. The left thumb was slightly 
larger in circumference than the right. There was free motion in all the joints. 
The skin was normal, and there was no difference between the skin temperature 
of the right and left sides. (The upper part of the left arm was inch 

(1.3 cm.] longer than the right and almost 1 inch ]2.5 cm.] thicker.) 


From the Orthopedic Department. State University of Iowa. 
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Left Lozcvr ^vas atrophic in toto and. owing to the marked 

deformity of tiic tingh, was shorter than the right lower extremity At the 
junction of the upper and middle thirds a marked lateral and anterior bowing of 
the femur was present. ^ The hone was palpable at this level as a hard, slightly 
irregular tumor mass without tenderness on pressure. There was valgus defor- 
mit\ in the region of the knee joint. The left tibia was increased in size in the upper 
lialf and .shoivcd anterior bowing in the middle. Active and passive motions in 
(he knee and ankle joints were normal. In the hip joint adduction and abduction 



Fig. 1.— Photograph of the patient, showing the marked deformitj' of the I«'t 
lower ex-tremity and the slight asymmetry of the face. 


and external rotation were zero; flexion was normal, and there 
rotation of 15 degrees. (The spinomalleolar distance was 3lH inches [ ^ ■ 

on the right, and 30j4 inches [76.8 cm.] on the left. The left 
[1.9 cm.] longer than the right leg.) All the other results of p >} 

tion were negative. „..n-,tivc. 

Laboratory Findings.-The Wassermann and Kahn 'rmiscles “sAW. 

The red blood corpuscles numbered 4,740,000, ,,ho^- 

The chemical findings were as follows: serum calcium ’ siic- 

phorus, 3.9 mg., and phosphatase, 32.5 mg. The unna pUospl.orm, 

cessive days averaged 0.94 Gm. for Eventy-foar hours, and the unna > 

1.061 Gm. 
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Roentgenologic Examination.— This also emphasized the uniiatcrality of the 
pathologic changes. The skull and spine and bones of the right extremities did not 
reveal pathologic changes. The left upper extremity showed no^ changes in the 
scapula and clavicle, but the left humerus (fig. 2) revealed definite hyperostotic- 
porotic changes involving almost the entire diaphysis. Only in the distal end and 
in the upper epiphysis could normal bone structure be seen. There was an almost 
uniform and equal thickening of the diaphysis. The cortical bone was markedly 
thinned out and formed only a very thin bony layer, which, however, in no place 



Fig. 2. — Roentgenogram showing hyperostotic-porotic changes in the diaphysis 
of the left humerus. The upper epiphysis and the distal end of the bone show 
normal structure ; the rest of the bone is cloudy and porotic. 

was completely interrupted. The surface of the diaphysis was smooth, and there 
were no signs of active apposition of periosteal bone. The shadow of the 
bone was cloudy and porotic; only in a few places could a definite structure be 
seen. These areas probably represented areas of spongy bone where the patho- 
logic changes had not yet appeared. The picture was that of diffuse osteoporosis 
without cyst formation. In addition to the marked increase in thickness, the 
diaphysis also showed a distinct incrca.se in length (3^ inch), despite some bowing 
at the middle third. There were no signs of a recent or healed fracture. 
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Li'jt l-orcarm (figs. ,3 and 4). — Lesions similar to that of the humerus were 
seen in the diapliysis of the left radius and in the bones of the thumb. The upper 
two thirds of llic diapliysis of the radius were considerably enlarged and showed 
the same cloudy and porofic shadow as the hiunerus. A distinct line of demar- 



Fig. 3.— Roentgenogram of the left forearm, lateral vieiv. dYc ulna 

siderably enlarged in its upper two-tlurds; the distal third and 


are of normal structure. 


'°°?htboS of the wrist and of the four tl'cletd. 

carpal bone and both phalanges jtyh -siead of biconcave, 

cortical bone was thinned out. and shape -a ^ 

The diaphyses showed the same porotic shador 
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Lcjt Loivcr Ertrcmiiy.—Thz left lemur (ag. 5) showed marked bowing of its 
imner end. The bone was thickened in its upper third, and the cortical bone on 
the outer side of the femur was markedly thinned out. The bone structure \yas 
irregular; osteoporotic changes were prevalent. There was an oblique line going 



Fig. 4. — Anteroposterior view of the left forearm and hand. Only the radius 
and the bones of the thumb are involved. 


downward and outward from the region of the lesser trochanter, representing 
probably the old fracture which was completely healed. The upper end of the 
femur showed the same cloudy shadow as the bones of the upper extremity. The 
greater trochanter and the proximal epiphysis had evidently been spared; they 
showed normal, although porotic, bone structure. Marked coxa vara was present; 
the greater trochanter almost touched the outer edge of the roof of the acetabulum 
tthcre were no intrinsic pathologic changes in the hip joint). 
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Tlic (iiapliysis was involved in almost its entire length. There were differ- 
ences in the bone structure at various levels of the femur. The cloudy porotic 
shadow of the upper portion has already been mentioned. The upper part of the 
distal fragment showed more irregularities, with areas of more pronounced osteo- 
sclerosis. These alternated with extensive areas of osteoporosis which showed 



Fig. S.-Roentgenogram of the markedly deformed left femur w.th wrcgu.ar, 
mainly porotic, structure. 



structures. 
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The roentgenograms of the leg showed mvolvcmciit of the tibia onl.r (fig. 6). 
Almost the entire diaphysis showed the same hyperostotic porotic imocess which 
led to an increase of thickness and length (D/j inches [3.8 cm.] in the lateral 
view), resulting in bowing of the tibia. There was a marked valgus deformity 
at ti:e junction of the middle and upper thirds. The distal third was involved 



Fig. 6. — Anteroixjsterior view of the left leg; only the tibia is involved, with 
an increase in thickness and length. 

to a lesser degree and was not enlarged. The cortex, although porotic, still 
seemed to be the old one. The spongy bone, however, had already been trans- 
formed and gave the same picture as the upper portion of the tibia. 

The changes in the left foot corresponded to those in the left hand ; the bones 
of the big toe only were involved (fig. 7). There was also some irr^ularity in 
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resulting from dist.sc ' ‘o ^^^ophy 

Biopsy —P ot ivrther informafion biopsy was performed (Oct 27 1932) A 

o':" : ,-S" ISIS '™"'-''“ “ ■' i”«io. o< «'o.: 

Mcr minis. Histologic examinaf.oii revealed the following changes: The cor- 

na! ml -"irn^sT than on the proxi- 

nna! end. ,t uas composed of rather compact lamellar bone with haversian canals 





Fig. 7 . — ^Anteroposterior view of the left foot, showing involvement of the 
bones of the big toe, possibly of the scaphoid and first cuneiform bone. 

These canals were enlarged by the osteoclastic resorption of bone, forming irregular 
marrow spaces with hyperemic fibrous bone marrow. The resorption of the old 
lamellar bone was followed by the formation of small trabeculae of fibrous bone 
tissue. Near the proximal end the old lamellar cortical bone had almost com 
pletely disappeared, and there was only a thin bony !a 3 'er formed by the apposi 
tion of periosteal bone. Inside this layer a rather dense fibrous bone marrow 
was present, in which man)^ thin trabeculae of primitive fibrous bone were 
embedded. The central portions were calcified; the superficial layers were ' 

Near the endosteal surface of the cortex trabeculae of old lamellar one wer 
still present, which were lacunar in outline. Some of the.se ragmen s w 
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included in the central portion of primitive fibrous bone. The marrow spaces 
adjacent to the old cortex still showed fatty bone marrow with lamellar sjwngy 
bone, but in many places, especially along the vessels of the marrow, the fatty 
bone marrow had been replaced by fibrous tissue. This led to osteoclastic resorp- 
tion of the old lamellar bone and to its replacement by fibrous spongy bone. The 
new spongy bone was without static arrangement. No cartilaginous tissue could 
be found. 

Operation and Recovery . — Because of the histologic observations and roent- 
genologic findings, osteitis fibrosa von Recklinghausen was considered as a diag- 
nosis, and an exploratory operation was performed on the parathyroid glands 
(Dr. Petersen, Nov. 23, 1932). No parathyroid tumor was encountered. The 
two lower parathyroid glands were removed. Histologically, they did not show 
pathologic changes. The patient made a normal recovery and was discharged for 
three months. On her return, in March, 1933, her general condition was found 
to be excellent. There were practically no changes in the local and chemical 
conditions or in the roentgenologic findings. 

COMMENT 

The findings in this case suggest that the condition was a systemic 
disease of the bones which involved the skeletal system unilaterally, 
but did not involve all the bones of the affected side. The involvement 
of the bones appears to have followed certain rules, as of the bones 
of the upper extremity only the humerus, radius and the bones of the 
thumb were affected. The left lower extremity showed in a similar 
way involvement of the femur, tibia and great toe. There was distinct 
asymmetry of the face, owing to underdevelopment of the left side. The 
unilateral aspect of the disease and the asymmetry of the face are more 
or less characteristic symptoms of Ollier’s achondroplasia. 

Ollier,^ in 1899, described a definite disease of the bones character- 
ized on roentgen examination by irregularity and delay of endochondral 
ossification. The epiphyseal cartilage does not undergo normal ossifi- 
cation, but preserves its structure and remains in the form of irregular 
cartilaginous masses which commonly require a long time to become 
ossified. These masses may be superficial or deep, subperiosteal or 
intramedullary. The phalanges of the toes, and especially those of the 
fingers, are sites of predilection. A part of the phalanx or the whole 
thickness may be involved. Ollier mentioned disseminated chondromas 
of the phalanges. In the long bones of the extremities near the epiphys- 
eal plate osteochondromatous tumors are also found. They transform 
the juxta-epiphyseal portions into transparent, distended, voluminous 
masses. The epiphyses remain more cartilaginous and show less bone 
tissue than in normal persons. Ollier assumes that dyschondroplasia 
takes place on both sides of the epiphyseal plate. The irregularity of 


1. Quoted by Frangenbeim.- 
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assihcation leads to a disturbance in length growth and in deformities. 
Cllier did not doubt the cartilaginous nature of the lesion, although he 
made no histologic examination, 

ittekd in 1906, published a monograph on d3'Schondroplasia, with 
the report of one case. He concluded ; 

There is a congenita! lesion of the cartilage of the epipliyseal disc consisting 
in a primary growth disturbance. As far as the long bones are concerned, this 
lesion is strictly unilateral. The first clinical symptoms become manifest in early 
childhood and lead to shortening of the extremit}’’ with tumor formation of the 
long bones at the epipliyseal plates. The tumors are chondromafa ; they consume 
during growth cartilaginous materia! which under physiological conditions would 
be used for length growth. The proliferation of cartilage occurs very irregularly 
in all directions, possibly the most in the direction of least resistance. The 
process leaves its strict unilateralitj' only at the distal ends of the extremities 
where it also changes its appearance. Here, the cartilaginous masses do not arise 
from the epiphyseal plate onb' but also from isolated particles of it- The disease 
is a characteristic symptom-complex and occupies a distinct position among the 
group of multiple chondromata. 


Therefore, Wittek agreed with Ollier in considering the condition 
as a disease s;/i generis. 

Frangenheim,- in 1911, and Hackenbroch,^ in 1922, rejected the 
views held b\’ Ollier and Wittek and considered dyschondroplasia in ail 
cases as multiple chondromas. Frangenheim especially stated that he 
would perhaps cousider dyschondroplasia as a new disease if there 
were really strict unilateralit}". But in no case did he find the uni- 
laterality persistent. 

In the years following, man}' articles on Ollier’s disease were written, 
and the number of unilateral cases reported in the literature amounts to 
about thirty. Some of these do not fulfil completely Fragenheim s 
postulates, but there are a number of cases of the strictly unilateral 
type. Thus there is no doubt of the existence of a unilateral disease 
of cartilaginous dystrophy (Ollier’s disease) which histologically and 
roentgenologically is in intimate relationship with the group of multiple 
chondromas. 

If one tries to place the case reported in this article in the category 
of Ollier’s achondroplasia one meets with some difficulties. Apart from 
the unilaterality and the asymmetry of the face (a frequent but )} 
ho means constant symptom in Ollier’s disease), there are a numier 
■of differences between this case and those reported in the literature. 


2. Frangenheim, P.: Chondromatose des Skeletts, Beifr. z. Win. Chir. 73; 

''%'Hacl„nI.roch,2' 

ftSSg’und'” ChondromatL des Skeletts, Fortschr. a. d. Geb. d. RoiKgcnsfrahlen 
30:432, 1922 - 1923 . 
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In Ollier's disease the clinical signs become noticeable within the 
first rear of life or soon after the child walks. The first sign is usually 
deformitv of the extremities combined with shortening. My patient 
was, according to her mother, perfectly well until her fifth year. At 
that time she began to limp and soon after sustained a pathologic frac- 
ture. The fracture healed slowly, with marked deformity, and since 
that time the patient had shown progressive changes in the bones. It is 
possible that changes in the bones were present before the clinical signs 
were manifest, but this is only a supposition, and it is doubtful whetber 
the disease started very long before the clinical signs appeared. 

Another outstanding feature of Ollier’s disease is shortening of the 
affected extremities. This is not onl}' an apparent shortening caused by 
deformities but a real one and is due to an intrinsic disturbance of the 
endochondral ossification. My patient showed shortening of the left 
lower extremity, but this was only apparent owing to the deformity 
caused by the fracture. The tibia and humerus, however, showed a 
definite increase in length, so that the tibia, which was fastened at both 
ends to a perfectly normal fibula, showed marked anterior bowing. 

Furthermore, there are marked differences between the roentgeno- 
grams of my patient and those of patients with Ollier’s disease. Ollier’s 
disease resembles roentgenologically enchondromatosis of the skeleton. 
A coarse structure is seen in the region of the metaphyses, with irregu- 
lar strands, enlarged areas of rarefaction, through which a few long 
bony trabeculae run. The rarefied areas represent clear spaces which 
frequently contain small dense nodular shadows ; these are often con- 
glomerate. The affected metaphyses usually show a clublike enlarge- 
ment, with thinning of, and even defect in, the cortex. Practically all 
investigators agree that the transparent irregular masses are formed 
in the metaphyses. Flotow ■* stated that he was almost always able to 
find in the roentgenograms a bridgelike formation running from the 
epiphyseal plate toward the chondromatous metaphyses. In long bones 
in which there is involvement of both metaphyses, the central portion 
of the diaphyses often shows normal bone tissue. The changes in the 
epiphyses are less marked; deformities and delaying ossification, how- 
ever, are frequently described. 

The most striking feature in the roentgenograms in my case is that 
the pathologic changes occurred only in the diaphyses; the epiphyses 
and the epiphyseal plates were apparently not involved in the process. 
The metaphyses may or may not have shown pathologic bone structure. 
One does not get the impression that the process started primarily in 
the metaphyses or directly in the epiphyseal plate. In these respects 

4. Flotow. F,; Ueber den Halbseitcntyp der Chondromatose. Ztscbr. f. orthon 
Cbir. 51:505. 1929. 
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this case differs fron, one of Ollier’s disease, and even more so in 
legard to the bone structure and the configuration of the involved 
diaphyses. The clubhke enlargement hy a transparent irregularly 
nodular tumor mass was not present, but there was a more diffuse 
widening of the diaphj'sis, with a cloudy porotic osseous shadow. There 
were no circumscribed areas of rarefaction or small spotty, dense 
shadows of calcification. There rvas no “blowing up” of the’ cortex 
nith defect, but the cortex, which was in most places extremely porotic, 
was rather straight and preserved its continuity. 

Finall}’, tlie biopsy' in this case gave a histologic picture which is 
quite unlike that of Ollier’s disease. All the investigators who per- 
formed biopsy in cases of Ollier's disease reported enchondronia and 
mature hyaline cartilaginous tissue with or without calcification. The 
specimen remo\'ed from the left tibia of my patient, at the level sepa- 
rating the diseased from the normal bone, shoived the typical picture 
of osteitis fibrosa. 


Thus the clinical and roentgenologic findings and histologic obser- 
vations speak against the diagnosis of Ollier’s disease. The most impor- 
tant fact is the histologic observation which points toward the diagnosis 
of osteitis fibrosa. Before further discussion of the relationship to 
Ollier’s disease, the significance of the histologic diagnosis of osteitis 
fibrosa in this case must be considered. 

It is necessary, however, to emphasize that the histologic picture 
of osteitis fibrosa has no specific significance. Histologically, one can 
have the identical picture in Recklinghausen’s disease, in osteitis fibrosa 
localisata, even in some areas in Paget’s disease, in osteomalacia and 


rickets, in chronic inflammatory diseases of the bone marrow, m cases 
of fracture with callus formation and in other conditions. Therefore, 
one must admit that a diagnosis based only on histologic examination of 
a relatively' small piece of bone is usually insufficient and may lead to 
great error. Unlike examination of the parenchy'matous organs, a single 
slide in diseases of the bones may disguise more than it reveals. In 
diseases of the bones histologic examination can be of value only it 
different bones on many sections have been carefully examined. 

On this basis the osteitis fibrosa in the case reported might possib > 
be interpreted as an accidental finding, a form of reaction of the loi 
marrow to a lesion of another type not contained in the specimen, t ts 
theoretically possible that the bone marrow near a chondroma may s lou 
fibrosis, with new bone formation, and so a final diagnosis o os ei 
fibrosa would he inadequate and misleading. But I 
such skepticism would be justified in this case. le 
was taken at a level where roentgenologically healthy 
invaded by the pathologic process. The diseased the’ other 

ever, the same irregular cloudy and porotic shadow se 




Fig. 2.— Gallbladder, extrahepatic biliary ducts and duodenum on examination 
with filtered ultraviolet radiation after the intravenous injection of 2 per cent 
mercurochrome. 
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Female Genital Traef— Enough oi a 2 per cent solution of aqueous 
eosin was injected into the bicornate uterus of a living rabbit to distend 
it. With slight pressure, the dye passed over ii^to the fallopian tubes. 
Under filtered ultra-violet radiation the uterus and tubes were golden 
yellow. During the injection some of the dye spilled over into the 
abdominal cavity through the fimbriated ends of the tuljes, producing ■ 
a visual Rubin test. The ease with which the tubes fluoresced in the 
rabbit suggested the investigation of the genital system of man. Injec- 
tions were made through the rigid external os of the cervix into the 
genital system of a girl, aged 14, obtained at autopsy. On incision, the 
uterus showed intense staining of the endometrium with deep pene- 
tration of the dye into the muscular coat. Mflien watery eosin was 
injected into the lumen of the fallopian tube at the uterotubal junction, a 
strong golden fluorescence of the tube was noted, and with the increased 
pressure of the injection at the junction, the dye diffused throughout 
the broad ligament, so that it became a golden sheet. It is well known 
that a thick-walled tube will not be effectively visualized; however, if 
the dye reaches the tubal lumen it will be possible to observe the emission 
or nonemission of the dye from the fimbriated end. An attempt is being 
made to produce a nontoxic fluorescent iodized poppy-seed oil. This 
will enable the visualization under fluorescence of what the radiograph 
demonstrates, provided the fallopian tubes are not thickened.® 

Urinary Tract . — When a 2 per cent solution of aqueous eosin was 
injected into the lumen of a ureter of a living or dead rabbit (downward 
toward the bladder), a fine stream of dye passed through the ureteral 
orifice ; on irradiation of the opened urinary bladder, a fine golden stream 
of dye was seen, and the ureteral orifices were stained a golden )^ellow. 
When the dye was injected toward the pelvis of the kidney (pyelovenous 
backflow), the pelvis was filled if enough dj'e was used; with sufficient 
pressure, rupture through the calices into the kidney substance occurred. * 

3. It may be noted that Hauser (Strahlentherapie 33:582, 1929) observed a red 
fluorescence in all forms of vaginal hemorrhage, whether normal, as in menstrua- 
tion, or abnormal. This is the only reference we can find on the use of filtered 
ultraviolet light in gynecology. 

4. Hadjioloff and Kresteff (Compt. rend. Soc. de biol. 106:662, 1931) studied 
the fluorescence of urine in higher and lower vertebrates. They believed that the 
yellow fluorescence of urine is due either to urochrome or to urobilin, though the 
problem may be complicated by the presence of microbic and ferment factors. The 
intensity and color of urine apparently vary with the species. True (Compt. rend. 
Soc. de biol. 99:1847, 1928) devised a fluorescent method of testing renal per- 
meability by the injection of a O.S per cent solution of acriflavine hydrochloride in 
animals ; the solution is excreted by the kidneys within thirty minutes and fluoresces 
a yellow-green. The substance, it is noted, is eliminated unequally bv the urinary 
tubules and is not shown in the glomeruli. In man, the dye appkrs in the urine 
first within fifteen minutes after injection and remains there for thirty-six hours. 
The pn of the urine has no bearing on the fluorescent reaction. 
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'ilic meter showed o»ly a golden Huorescence when distended with 
aqueous eosin. 

Bvoudual Tree.— The direct injection of a 2 per cent watery solu- 
tion of eosin into the trachea, of a dead rabbit caused a visualization of 
tlie tiachea and its branches, down to the very finest terminal bronchioles; 
it was noted, howe^'er, that the injection of the finer bronchioles was 
iiieg'ulaj, mucous plugs apparent!}'' blocking the further passage of the 
dye. 1 he uncut surface of the lung showed golden, triangular, infarct- 
like areas, corresponding to the segments in which patent bronchioles 
allowed the passage of the dye. A fluorescent iodized poppy-seed oil 
would be of great aid in the visualization of the bronchi and the alveoli 
in the opened thorax by means of filtered ultraviolet radiation. 

Esophagus . — Direct injection of a 2 per cent solution of aqueous 
eosin into the esophagus of a dead rabbit gave excellent fluorescence of 
that organ, especially u'hen it was temporaril}' clamped off at its 
gastric end. 


VISUALIZATION OF THE ARTERIAL TREE 

After investigating the visualization by filtered ultraviolet radiation 
of tubular and hollow organs in the rabbit following the intravenous 
or direct injection of eosin or mercurochrome, it rvas decided to study 
the visualization of the arterial tree in the same animal. 

The injection by a syringe of 50 cc. of a 2 per cent watery solution 
of eosin or mercurochrome into the abdominal aorta of a dead rabbit 
which had been exsanguinated before death disseminated the dye widely 
through the vascular channels of the body. Under the action of filtered 
ultraviolet radiation, which with eosin or mercurochrome produces a 
strong, golden-yellow fluorescence, the entire arterial system was 
delineated, as if dissected in gold. The actual outlining of the course 
of the vessels under this radiation permitted much easier dissection than 
with the naked eye. The venous channels rvere not colored, and the 
veins fluoresced a dark brown because of their large content of clotted 
blood. Examination of the vascular tree should be conducted at once, 
since the dye diffuses into the adjacent tissues. During the course of 
the injection, the gastric, mesenteric, intestinal and splenic arteries vcrc 
observed with the naked eye to color, but under radiation the r es^ s 
fluoresced a rich golden yellow, which extended to the finest rami icn 
tions. The use of a hand lens enabled more detailed study. 

The coronaiy arteries of the heart of a rabbit which had rcccnu 
injections were well outlined, and some vessels in the endocardium uerc 
visible. The myocardium showed no vessels. The parietal pcncan m 
vessels were also stained. The kidneys showed pin-point vascular mar ' 
inc^s in the cortex; the medulla was at first free from fluorescence 
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became fluorescent later by dift'usioii. Ibe ureter could be tiaced by 
the fluorescence of the periui'eteric vessels. The urinai'y bladder showed 
fine vascular markings in its mucosa. In the dead animal, after an 
iiitra-aortic injection of the dye, the gallbladder and the extiahepatic 
vessels showed up well. The vascular outlines of the mesenteric, intes- 
tinal, gastric and splenic arteries, especially the liner serous ramifications 
of the former, were as stated earlier", well defined. Diffusion took place 
rapidly in the serosa of the stomach and intestine. The serous vessels 
about the fallopian tubes were diffusely injected, so that they appeared 
as golden yellow tubes. The dvrra of the brain and spinal cord, as well 
as the arachnoid layer, showed marked diffuse injection, though the 
cortex of the brain and the substance of the spinal cord did not stain.® 
Subcutaneous vessels showed diffusely through the unopened skin in 
many areas. The intercostal vessels in the opened thorax could be fully 
traced. The major and minor vessels in the arteriovascular tree of the 
upper and lower extremities could be distinctly followed. Thns, about 
the knee joint, the median superior geniculate artery was easily seen. 
The infrapatellar fat and the synovia were also stained golden. The 
muscular and periosteal vessels were visible. Neither marrow nor carti- 
lage fluoresced a golden color, in either the living or the dead animal. 
If the dye was injected directl}' into the bone marrow of a dead animal, 
the dye could not be demonstrated, owing to the diffuse, dark appear- 
ance of hemoglobin. Prolonged soaking of the marrow in the eosin 
ultimately colored it. 

This method may be used for demonstrating the arteriovascular 
system in part or as a whole, though it is to be remembered that the 
distinct outline of the finer vessels is lost by diffusion within an hour 
after injection. Eosin in liquid petrolatum or eosinated beeswax “ may 
be used in more permanent preparations. Fixation of a particular region 
may be accomplished by the use of a 2 per cent solution of eosin in a 
10 per cent solution of formaldehyde (4 per cent solution of formalde- 

5. Study of the literature indicates that some attention has been paid to the 
fluorescence of cerebrospinal fluid. Thus Exner (Psychiat.-neurol. Wchnschr. 32: 
218, 1930), who noted that normal spinal fluid fluoresces a deep violet under ultra- 
violet radiation, studied the alterations of the fluorescence of the fluid in nervous 
diseases. Schaltenbrand and Putnam (Deutsche Ztschr. f. Nerven. 96:123, 1927), 
in an excellent study of the circulation of the cerebrospinal fluid, noted that a 10 
per cent solution of fluorescein injected into the blood stream in live animals is 
demonstrated in the cerebrospinal fluid within fifteen minutes. They did not use 
filtered ultraviolet radiation in their study. 

6. Eosin in liquid petrolatum or beeswax may be prepared by the use of a 
common solvent, such as cedar oil or xylol, with incubation of the solution for 
from about thirty to sixty minutes, to insure an even spread of the dve in the 
petrolatum or beeswax. 
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h} dc U. S. P.). ^Ve ale unceitain just how long the fluorescence of the 
nnei vessels will last by the latter two methods. 

Ill the living animal, however, the arteriovascuJar tree was visualized 
after intra-aortic injection of larger doses of eosin. The dye was excreted 
b}'- the biliarj' sj'stem and the kidneys, although if large amounts were 
injected the mesenteric and intestinal vessels showed the dye. The 
vasculai tree of the extremities in a living animal may be visualized 
by this method if tiie arterial and venous circulations are retarded tein- 
laoraril}'- b}'’ a tourniquet. When the dye was injected into the beating 
heart, no particular fluorescence of the heart or the coronary vessels 
occurred. When the dye was injected into the inferior vena cava of 
a living animal under pressure in the direction of the liver, a retrograde 
flow of blood U'as accomplished, and under sufficient pressure the surface 
and substance of the liver became flnel}' Jobulated by dye markings. 
Under the radiation the borders of these lobules were outlined in gold. 
When a frozen section was made of a piece of liver eosin was found 
both in the central and in the interlobular veins. With release of pres- 
sure, the floAv of blood became normal again, and the dye was propelled 
toward the heart. A sample of blood withdrawn from the inferior vena 
cava gave the characteristic golden color, though the inferior vena cava 
itself did not fluoresce golden but brown. 

No d3'e was noted in the anterior chamber of the eye after the death 
of the animal. Other body fluids were not tested.^ 

Modifications and variants of this method could be tried. Thus, 
for instance, certain phases of placental relations could be investigated 
in both living and dead animals. The method ma}'’ be useful in tlie 
study of the lymphatic system, since many dyes are transported by the 
lymphatics. It may also be used to detect minute quantities of dyes m 


7. Ehrlich (quoted by Kramer, in Virchows Arch. f. path. Anat. 274;- X 
1930) noted that fluorescein, winch is the mother substance of eosin and mcrciiro 
chrome, is distributed in the body fluids and is not taken up by fat or brain tissue. 
Schaltenbrand and Putnam noted the extensive distribution of 10 per cent .so uf'oa 
of fluorescein, injected into the blood stream, in the skin, mucosae, 
nective tissue and dura mater and in various secretions such as the fiui o ic 

anterior chamber of the ej^e and the cerebrospinal fluid. They pointed out t la 
substance of the central nervous system is not affected and that no cliangc )s 
in vessels, either in the wail or in the lumen. The oral administration o 
(Rost, quoted by Kramer) gave no local or general effects. , f,; 

peiner (quoted also by Kramer) studied the effects of subcutaneous mj 
eosin in animals. Tappeiner also injected the dye intravenously. j ‘ 

(J. de pharm. et chim. 9:16, 1929) injected olive oil. 

addition of di-phenylanthracene, into the blood stream preatfst 

of this fluorescent oil in various organs. The lung is ^ ‘ , „„„tcd in 

lipopexic powers. Hi-phenvlanthraccm fluoresces blue ami n 
various proportions in the blood from different organs an 
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cavities and fluids of the body. Fluorescent dyes which are so diluted 
that they are imperceptible by unaided vision arc easily detected by 
Altered ultraviolet radiation. 


SUM J[ ARY 

A method for the examination of tubular organs by the injection of 
aqueous eosin or medicinal mercurochrome is proposed. With the use of 
Altered ultraviolet radiation, many of the tubular organs fluoresce a 
golden yellow. Similarly, the injection of aqueous eosin or medicinal 
mercurochrome into the aorta of a dead animal shows the arterial system 
as golden tubes on examination with ultraviolet radiation. 
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INTRODUCTION 


The problem of spina bifida has occupied the attention of surgeons 
for many years, and, in spite of a voluminous literature tliat accmmi- 
lated on the subject, fundamental differences of opnnon sti 
Excellent contributions on the anatomy of spina bifida have ‘ 

by von Recklinghausen.^ Keiller - and others;® however, 
factors in the pathogenesis of this condition have not een 
Many theories have been advanced, but convincing proo 
them is still lacking. One of us (E. S.) has a ways e thaU.jP 
activity of the choroid plexuses m utero before t le n c 
completely closed was a probable cause of the the 

the choroid plexuses are formed, according to Hoc is 

in Neurologic Surgery, WashiHgton University School of Med-emu 

1931 and 1932. 5 Bifida, Virchou-- 

1. von Recklinghausen, F.: Untersuchungen uber die bp 

Arch. f. path. Anat. 105:243, 1886. ,\„atomv of Spina P.ifvln, Pram 

2. Keiller, V. H. : A Contribution to the Anat . 

4‘i-31 1922. . .-Cl., T dc I’anat. ct pb.vs'^1- 

S.’Tourneux and Martin: L'liistoire du ^ Xervensystems be. 

17:1, 1884. Fischel, A.: Ueber Anomahen des^ -ntmle ^ ^ 

jungen menschlichen Embryonen, ^ dor Plcx«5 chor.o.dc. 

4 . Hochstetter, F.: ^"^er die EntuickeUm 

Seitenkammern des menschlichen Gehirns, Anat. An . 
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neural arches are closed = makes this possible, but no embryologic or 
experimental proof exists for this tbeor}-. 

A complete review of the literature would lead to needless reduplica- 
tion. We have, therefore, selected a few papers which we believe bring 
out the significant points concerning this subject. In considering the 
surgical aspect, we have chosen those reports of cases in which a con- 
siderable number of the operations were performed in one clinic, and 
have omitted entirelj' such elaborate studies as that of the Clinical 
Society of London,® for, though this study reveals many interesting 
facts, its value from a surgical standpoint is small, since many of the 
cases were observed when modern surgical methods were still in their 
infancy. 



Fig. 1. — Section of a double spinal cord. 


The occurrence of associated developmental defects of the central 
nervous system in cases of spina bifida has been pointed out by other 
observers. It is of importance in determining the prognosis in this group 
of cases. This point was therefore investigated. Of 29 cases that came 
to autopsy (no operation, 19; operation, 10), 8 showed marked defects. 
Six cases showed hydromyelocele. (Keiller= found this condition in 
3 of 7 cases of spina bifida studied post mortem.) In 1 case a cleft 
extended' along the entire dorsal aspect of the spinal cord, and in 
another, there was a double cord below the site of the spina bifida 
(fig. 1). In about 25 per cent of the cases which came to autops}^ a 
defect was present in addition to the spina bifida; however, 19 of these 

5. Bardeen. C. R.: Manual of Human Embryology, edited by F. Keibel and 
F. P. Mall, Philadelphia, J. B. LippincoU Company, 1910, vol. 1. 

6. Tr. Clin. Soc.. London 18:539. 1885. 
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cases, or about 66 per cent, were considered inoperable on account of 
the condition of liic spina WBda. This factor, tiierefore, would seem 
to. play a small role in establishing operative indications. 


REVIEW OF LITERATURE 

Siiigeons may be divided into two groups in regard to their views on 
opeiation: 'JJiosc wlio favor operation at an early age, and those who 
take tlie attitude expressed in Frazier’s ' book, that operation should 
be delayed until the patient is a 3 'ear or more old, except when rupture of 
the sac is imminent. ^Vhile it is true that operations performed on 
infants more tlian a 3 'ear old result in a much lower inortahty, it must 
be remembered that man}’’ of tlie deaths miglit have been prevented b}' 
earl}' operation. Tlie mQrta!it 3 " of children with spina bifida who are 
not operated on is appalling. In the report of the Clinical Society of 
London,® in 1SS5, 6J5 of 647 deaths from spina bifida occurred in 
infants less than 1 3 'ear of age. Consequent]}', the mortality of 35 per 
cent reported 113 ' Moore ® in a series of 385 cases (gathered from the 
literature) in children who were operated on when less than 1 year 
of age is not excessive. Harmer,® in 1917, reported a mortality of 40 
per cent in a series of 34 cases in which he performed operation. In this 
series there were 7 patients with meningocele, 23 with m 3 'elomeningoceIe 
and 4 with cranium bifidum. Twenty-two of the patients had ulcerated 
or leaking sacs, and of these only 9 survived. Cutler,^® at the Children’s 
Hospital in Boston, anal 3 'zed 39 cases in whicli operation was performed. 
The youngest patient was 18 hours old and the oldest, 3 years. In this 
group there were 15 patients with simple meningocele and 24 witii 
myelomeningocele. Thirteen of the patients had ruptured or granulating 
sacs. The mortality was 41 per cent. Of the patients v'ho were dis- 
charged from the hospital, the end-result in 6 was unknown; 7 wcic 
living and well, 1 was living and improved, 4 were living but had com- 
plications and 4 had died. Of 18 patients on whom operation was not 
performed, 10 had died; the result in 6 was unknown, and 2 were aIi^c, 

In a recent contribution on the subject, Penfield and Cone stig 
gested a “new method” for the plastic rejiair of meningocele am 


7. Frazier, C. H. ; Survey of the Spine and Spinal Cord, New York, D. 

Appleton and Conipaiii-, 1918, p. 265. n.mdred and 

S. Moore, J. E.: Spina Bifida; With a Report ” Jpo 5 

Eigbty-Bvc Cases Treated by Excision, Surg., Gynec. «S: 0)st. . , 

9. Harmer, T. W.; Spina Bifida and Allied MalfornMs, Boston .M. 

J. 177:353, 1917. . c _ nffid.T and 

^ 10. Cutler, G. D.r End-Results in Sixty-Two Cases of Spin. 

Cephalocele, Arch. Neurol. & Psychiat. 12:149 (Aug.) niftdvm- Rt'tilo 

11. Penfield, W., and Cone. W.: Spina Bifida and Crnnum B.fidnm. 

of Plastic Repair of .Afeningoccle and Myclomcmngoccic 0 
J. A. H. A. 98:454 (Feb. 6) 1932. 
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uiyelonieningocele. They sittemipt to conserve the sac, Ijecause in the 
histologic study of excised meningocele sacs they have found cell nests 
which resemble the arachnoidal collections in the pacchionian granula- 
tions, and which they believe serve as an absorbing mechanism for the 
excess cerebrospinal fluid. In their series of 19 cases there was not a 
single death, and in no instance did hydrocephalus develop, yet in the 
protocols they stated that “in 4 cases nbticeably large heads developed.” 
We wonder if ventricular puncture in these 4 cases might not have 
shown hydrocephalus. 

The preservation of the sac was suggested in 1902 by Schinidt.’^" 
He did not open the sac freely, but merely emptied it by puncture, 
involuted it and used it to fill the bony defect. In the 3 cases which he 
reported, the results were good. 

Since there is such a divergence of opinion, it seemed desirable to 
collect and analyze, and to determine the results in, all cases observed 
in one clinic over a long period of time (twenty years) during which 
these cases were handled under similar conditions, and one definite 
policy was followed. From such a series it would seem one might 
draw some definite conclusions and determine the best policy to pursue. 

CLINICAL MATERIAL 

The present report is based on a study of 103 cases. Of these, there 
were 96 cases of spina bifida in infants or young children and 5 cases 
of cranium bifidum. The latter are included since the problem of treat- 
ment is very similar. Two cases of spina bifida occulta in young adults 
who presented neurologic symptoms are also included. All cases of 
spina bifida in which there was some function in the lower extremities 
and in which there was no pronounced hydrocephalus were considered 
suitable for operation, which was undertaken as soon as the patient’s con- 
dition warranted it. If, at the time of the patient’s admission, the spina 
bifida was ulcerated, the ulcerated area was treated until it was covered 
by epithelium. In some of the cases seen in the early part of the twenty 
year period, we operated in the presence of ulceration, but experience 
showed us that no matter how we prepared the area of operation, it 
was practically impossible to secure a clean operative field, so that 
today operation is delayed until the area is completely epithelialized. 

ANALYSIS OF CASES 

Cases in tvhicfi Operation was not Performed. — Forty-six of the 
patients in this series were not subjected to operation. Of these, 36 
died while in the hospital. Of the 10 who survived. 6 had extensive 

12. Sdimidt, G. B.; Ucher die Radikalopcration der Spina Bifida. Beitr. z. Win 
Cliir. 34:d5I. 1902. 
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defects (rachiscliisis, a hopeless cojiditioii), associated with hydroceph- 
alus and complete paralysis of the lower extremities; 4 had leaking 
and infected sacs and were taken from the hospital by the parents against 
advice while attempts were being made to secure a clean operative field. 
Of the 36 patients who died in the hospital, 23 were afflicted with hydro- 
cephalus and paralysis of the lower extremities, and 1 had complete 
paralysis of both lower extremities without h 3 fdrocephalus. In ail but 
4 cases, the coverings of the defect was ulcerated. Postmortem examina- 
tion was done in 19 of the 36 fatal cases. The causes of death were: 
meningitis and hydrocephalus, 9 cases ,• pneumonia and Jij^drocephalns. 
4; pj'elonephritis and hydrocephalus, 3; pyelonephritis, 1 ; pneumonia, 1, 
and otitis media and h 3 'drocepJ)alus, 1. 

It is significant that of the 19 cases that came to autops)', hydroceph- 
alus was present in all but 2. In addition, hydrocephalus was found 
clinicall 3 '’ in 7 of the 17 cases in which an autopsy was not pennitted. 
The causes of death in this group were: meningitis, 9 cases; pneu- 
monia, 5; otitis media, 1, and unknown, 2. 

Cases in Which Operation Was Performed. — Fifty-seven patients 
were subjected to operation. Twent}^ had simple meningocele; 27, mye- 
lomeningocele; 3, S3n'ingomyelomeningocele ; 5, cranium bifidum with 
meningocele in 4 and myelomeningocele in 1, and 2 (adults), spina 
bifida occulta with disturbances of the bladder and trophic lesions of 
the feet. In this series, 43 of the patients with spina bifida and 4 with 
cranium bifidum were less than 1 }'ear of age when operation was ])er- 
formed. Of the group with spina bifida, 3 rvere operated on during the 
first week of life. Ten were from 1 to 4 weeks old ; IS, from 1 to 3 nronths 
old ; 5, from 3 to 6 months old; 7 , from 6 to 12 months old and 7, 1 
3 'ear or older. Of the 20 simple meningoceles, 15 occurred in the 
lumbosacral region, 3 in the dorsal region and 2 in the cervical legion. 
Of the 27 myelomeningoceles, 24 were in the lumbosacral region am 
3 in the dorsal region. The 3 S 3 wingom 3 ''elomeningoceles occtii red m 


the lumbar region. 

The 50 cases of spina bifida have been divided into two groups- 
those in which operation was performed before 1927 and tiiose in v nc i 
operation was performed after that date. The reason for this apjjareni 
arbitrary division is that in the past five }'ears our results 
so much better than in the previous fifteen years. This, we )cimc, 
to be accounted for by the fact that our method of treatment m 
second period had become fairly rvell standardized, anc a ’ ^ 

method of closing the defects in the skin was 
and improvement in technic were undoubtedly also factors u 
but the most important factor, we believe, was the cx cn^^ 
tion of the skin for a considerable distance on all si 
before a closure was attempted. 
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IKDICATIONS FOR OPERATION 

In electing cases suitable lor operation, the following points were 
considered : 

1. In all cases ol spina bifida the epithelial covering must be intact. 
If at the time of the patient’s admission the surface was ulcerated, 
treatment was given until the surface became epithelialized. 

2. Some movement must be present in at least one lower extremity, 
but it was not essential that all movements be present. There must, 
however, be enough movements so that when the infant grew up trans- 
plantation of muscles or stabilization of the joints could be done or 
braces could be worn. 

3. Hydrocephalus, if present, must not be extreme. The degree 
of hydrocephalus was not judged by any definite measurements, but 
by the rate at which the head had been enlarging and by the width of 
the open sutures. The mere presence of hydrocephalus, however, was 
not considered a contraindication, for, though the treatment is vastly 
more complicated when one also has to deal with hydrocephalus, it is 
not an insurmountable problem. A question of grave importance which 
we are unable to answer definitely is, How large may an internal hydro- 
cephalus be without causing mental impairment and to what extent do 
dilated ventricles return to normal? On the latter point, we have one 
important observation. Following the removal of a cerebellar tumor 
in a patient with dilated ventricles, ventriculographic studies were made 
which showed that the ventricles were greatly reduced in size and were 
practically normal. 

4. Absence of control of the bladder, when it could be determined, 
was not a contraindication for operation. In a number of instances 
disturbances of the bladder caused us much concern when the child 
grew up, and some of the children have had to wear urinals. We have 
never transplanted ureters or performed any operation to correct this 
condition, though it has been discussed on a number of occasions with 
urologists. 

5. The presence of deformities of the lower extremities, such as 
club feet, were not considered contraindications if the legs were suffi- 
ciently developed to permit of corrective orthopedic measures. 

Of the 20 patients with simple meningocele, 2 show'ed evidence of 
hydrocephalus prior to operation, and only 2 presented evidence of 
weakness of the lower extremities. 

Twelve of the 27 patients with myelomeningocele presented evidence 
of hydrocephalus before operation and 12 showed some degree of motor 
and sensory disturbances in the lower extremities. The correct dia^^- 
nosis was not made before operation on the 3 patients with syrin^o- 
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niyeluiuc'mn,uuci-li\ 'I wo of these showed evhlciice of l)3'drocepi)alus, and 
Jhe third, parah’.sis of lioth lower exlreiniU'es prior to operation, 

J u-o adults who complained of ttrinarj’ incoiitincnce were found to 
iiave sjniia hilida occulta. One /wtienl al.so had trophic tdeers of hoth 
ftet. ] ..imiiiectoniy was done in hoth cases in an effort to alleviate 
the .symptoms. 


Conttcnilal defects of the skull and cerehral tnciiiiig'cs occur inttcli 
less fre()Ucnlly than defects of the .spine, fn onr series of 103 cases, 
there were 5 of cranium bifidnm. y\ll of the jiaticnts were treated 
.snr^o’callw J he dislrUnition in these cases was as follows: occipital 
meninf, 0 )cele in 2 infants, occipital myelomeningocele with as.sociated 
hydrocephalus in I infant, frontal meningocele in 1 infant anti meningo- 
cele at (he verte.v of the slcnll in a 6 year olrl girl. 



Fig. 2, — Heated cril) for the {treoperativc and the postoperative care of infants. 
The canvas sides can Ijc lowered and tlic tcniperatnrc varied l)y tiirniii}; on more 
of the eicctric tififhts. fliic straps (liat hold the haby's feel can he adjusted so 
tliat llic legs arc kejit apart and the stool drojts down ))ct\vccn tlie legs. 


MICTJlOn or TKICATJIJJNT 

Preoperalive Care. — Infants will) .spina bifida tolerate operation well 
precautions arc observed. No operation is nixlcrtaken until the pediatrician 
determined that the patient is tolerating his food and is in tiic best condilion roin 
a nutritional .standpoint. Each infant is kept in a crib with a tent '' p 

is heated with electric light bulbs, the tcinpcralurc being kept at from J5 to 
(fig. 2). Tbc child wears no clothing and no diaiicr and is kept 
abdomen on a pillow so tiuit the legs hang down, i here is no ( ^ 
spina bifida. TJic purpose of these precautions is . „„nt!v 

bifida and all soiling of the operative field with urine or ^ operations 

increases the danger of postoperative infection Infants '’’'•‘J' ,J^tion the 

well if they do not lose body heal and fluid. ConscciuciUb 
infant receives 200 or 250 cc. of saline solution subc.itaneoiislv, tlicn 
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Fig. 3. (M. K., tabic 2).— Infant with myelomeningocele. 
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.SSJ 

i)f llic ini.'iiit’s l) 0 (!y is wrapped in cotton as a wide exposure of the operative 
field permits, and tlie operation is perfonned on a heated table. A minimal amount 
of etlier is friven, and the aticsthesia is never started until the patient has been 
(IrajH'd and the operator is standintr at the table rcad.v to begin. 



Fig. 6.~Cranium bifidum before operation. 



pjg. 7_The patient shown in figure 6, after operat 


• The 

operative Procedvre.-The operatimj is 

sac is dissected out, and the nec elements are to 

the soine. The sac is then opened, and all n .p. ^ of the sac is rc atncci 

have never found any reason for attempting 
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gested recently by PenBeld and Cone.ii To fill the canal with all this excess 
of tissue may cause pressure on the roots. Penfield believes that saving the wall of 
the sac prevents the development of hydrocephalus, but in our experience this docs 
not occur after operation as frequently as has been supposed, though one can 
never tell beforehand in which case it may appear. One or two flaps of the fascia 
of the erector spinae muscles are cut and tacked over the defect. 

Then there follows what frequently is the most important and difficult part 
of the operation — providing ample cutaneous and subcutaneous covering for the 
defect. We have tried various ways of doing this, and no universal rule can be 
laid down for all cases, but, in the vast majority, mobilization of the skin and 
subcutaneous tissue for a great distance, not infrequently well forward on the 
lateral portion of the abdomen, is the most satisfactory procedure. Swinging 
pedicle flaps is not as satisfactory as the danger of a little necrosis at the edge of 
the flap is too great. Unfortunately, it is not feasible as a* rule to make a pedicle 
flap according to the method of Blair, that is, cutting the flap first and moving 
it later. 


Table 1. — Follow-Up Results on Ten Patients Operated on for Myelomeningocele 


Initials 

Age at 
Operation 

Age at Time 
of Follow-Up 

Comment 

J. 0. 

3% mos. 

3 yrs. 

Seems normal in every respect, except for slight 

B. K. 

4 ITS. 

G yrs. 

enuresis 

Spastic paraplegia when operated on, no improve- 

D. K. 

7 days 

1 yr. 

ment 

Child very healthy; has cluh feet which arc being 

D. T. 

8 mos. 

5 yrs. 

treated 

Walks with braces; seems normal mentally 

H. A. 

7 wks. 

1 yr. 

Slight hydrocephalus 

J. M. 

3 wks. 

2 yrs. 

Walks with braces; mentally normal 

Don K. 

o Tvks. 

3 yrs. 

Healthy except for recurrent urinary infections 

M. E. 

5 wks. 

3 yrs. 

Walks with braces: is still getting corrective ortho- 

(figs. 3 and 4) 
A. P. 

19 mos. 

7 yrs. 

pedic treatment 

Weakness of both lower extremities; incontinence 

R. F. 

3 mos. 

15 mos. 

Seems normal 


Postoperative Care . — After the operation, the child is kept on its abdomen in 
the enclosed heated crib until the wound is healed. Careful measurements of the 
size of the head and the tenseness of the fontanels are made. Fluids are restricted 
if there is a tendency for the head to enlarge. 


FOLLOW-UP RESULTS 

Since end-results are of vital importance in a study of this type, 
an effort was made to get in touch with all the patients on whom opera- 
tion was performed. Of the 38 patients who were discharged from the 
hospital, answers were received concerning 26. 

Of the 26, 11 had had simple meningocele; 10 of these were well 
in every respect and 1 child (D. H.) who had had a high dorsal menin- 
gocele was in good health hut was said to show slight awkwardness in 
using his fingers. 

Of the remaining 15 patients, 12 had had myelomeningocele; 2 of 
these died from an undetermined cause shortly after discharge from the 
liospital. The results in the remaining 10 are shown in table 1. Of 
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tlic 4 patii'iils wifh cranium hifidum and associated meningocele, fol- 
lovv-up I’ccords were available on 3. All were Jiving and in good health 
5, 6 anti 7). 

'l’.\i!!.r. 2. — Data on PtUicnts Operated on Bctxvecn 1912 and 1927 


Inillnis 

Date 




Eesnlting 



amt 

amt 

* 

Hydro- 


Hydro- 

Immediate 

Sex' 

.\K^‘ 

Type 

cephnlus 

Paralysis 

ecidiahis 

Results 

Comment 

M. O. 

T/in/12 

l.iinibar mcnlngo- 

So 

Cliili feet; 

Xo 

Xot iin- 

Incontinence 

g 

S yr.s. 

celo 


nwkwnrd 


proved 






gait 



Infection of 

C. D. 

9/I9/H 

Myeloincnfngoccle 

Slight 

So 

Yes 

Poor 

9 

o ino«. 





wound 

It. n. 

1/ 0/10 

Sfrlnnoinyclocctc; 

Yes 

Xo 

Yes 

Died 

Meningitis 2 wks. 

r 

10 <lays 

coverings 

ulcerated 





after operation 

Meningitis S wks. 

It. D. 

2/10/10 

-Myclomcningo- 

Yes 

Complete, 

. ••• 

Died 

0* 

0 wks. 

oele; coverings 


both lower 



after operation 



ulcerated 


c.xtrcmitics 


Good 


P. H. 

9/ 7/lS 

Dorsal (fourtli 

Xo 

Xo 

Xo 


cf 

5 wk.=. 

and fiftlil niyelo- 






C. -S. 

9 

2/ .'i/IP 

10 mos. 

mcningocole 

Vyclonicnlnno- 

cclc 

Xo 

No 

No 

Died 

Pyelonephritis 

3 wks. after 
operation 

It. F. 

9 

ii/isni* 

0 ino*;. 

Myelomeningo- 

cele 

No 

Doth lower 
extremities 

Xo 

Good 

Seen I yr. later; 
uses legs satis- 
factorily 


A. n. \imnt) 


s/24/20 
7 mos. 

G/21/20 
11 jnos. 
0/2S/21 
S mos. 


9/ 5/23 
le days 


K. D. 12/11/24 


11/9/25 
2 Tvks. 

1/ 9/25 
19 mos. 


Myelomciitni-’o- 

cole 


Moninpoccle; 

coverines 

ulcerated 

Mcnineocele 

Meninfroceic tv/tli 
dermoid cyst 
Dorsal meningo- 
cele 

Meningocele 


Myelomeningo- 

cele 

Dorsal meningo- 
cele 

Myelomeningo- 
cele; sac infected 

Lumbar meningo- 
cele 

Syringomyelocele 


L. W. 5/12/23 Myelomeningocele 


Lower ex- 
tremities 
Xo 


Low dorsal and 
lumbar syringo- 
myelocele 


Xo increase Weakness Seen 5 yrs. later, 
in hydro- of both eaiida equina 
ccphnlus legs after syndrome 
operation 

Xo Infection Infection on 

of wound admission 

Died Pneumonia third 
day after 
operation 

Xo Good 

Increased Choroido- 

piexectomy after operation 

2 wks. later . 

increased Died 

cephalus 

Tes Choroido- Died same dal 

piexectomy 
at Sii wks. 

Xo Good 

-r,..: Died Pneumonia and 

^ basilar menin- 

gitis at 7 WKS. 

Good Sceyjjrif. 



xo improred meningdi.^ 
recovery 

Died Dcathpnfiist 

ilny after 
operation 


— — — — r. 

* In this column, d indicates male; 9, female. 

COMMENT 

The mortality following operation in cases 40 and 

nium bifidum, according to the literature, 

50 per cent when the operations were performed , 
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Table Z.—Data on Patients Operated on Betiueen 1927 and 1932 


Initials 

and 

Sex* 

Date 

and 

Age 

Typo 

Hydro- 

cephalus 

Resulting 
Hydro- 
Paralysis cephalus 

D. T. 

9 

3/2S/27 

S mos. 

Lumbar meningo- 
myelocele 

Yes 

Both lower No in- 
extremitlcs crease 

B.G. 

9 

dIWIT, 

2 mos. 

Jlyelomeningocele; 
infected sac 

Yes 

Both lower — 
extremities 
spastic 

B. B. 
g 

G/ 5/27 

3 mos. 

Low dorsal myelo- 
meningocele 

Yes 

No Increase 

in hydro- 
cephalus 

D.IC. 

d 

3/21/27 

3 TVkS. 

Myelomeningocele 

Ko 

No No 

D.H, 

d 

10/15/27 

3 yrs. 

High dorsal men- 
ingocele 

Xo 

Both lower No 
extremities; 

bilateral 
ankle clonus 


Immediate 

Results 

Comment 

Good 

Follow-up in 

5 yrs.; walks 
with brace; 
incontinence 

. Died: 
meningitis 

Poor 

Died after a few 
weeks at home 

Good 

Seen 3 yrs. later; 
urinary infection 

Excellent 

Follow'-up in 5 
yrs.; cured; 
walks 


TT. W. 
d 

12/30/27 

3 wks. 

Myelomeningocele 

Yes 

3. H. 

9 

10/23/27 
514 mos. 

Myelomeningocele 

No 

M. Z. 

9 

5/31/2S 

S mos. 

Cervical meningo- 
cele 

No 

R. H. 
9 

8/14/29 
214 mos. 

Myelomeningocele 

Yes 

0. F. 

9 

7/11/29 

2 yrs., 

4 mos. 

Myelomeningocele 

No 

J. B. 
d 

IO/S/29 

1 mo. 

Meningocele 

No 

3. R. 
9 

9/ S/29 

0 wks. 

Meningocele 

No 


Both lower 
extremities 

Yes 

Poor 

Seen at 18 mos.; 
club feet;trophic 
ulcers 

No 

No 

Good 

Died 11/13/27; 
cause unknown 

No 

No 

Good 


Partial 


Died 

Hyperthermia 

30 hrs. after 
operation 

Both lower 
extremities 

No 

Good 

Power in legs 
increasing 

No 

No 

Good 

Letter 2/10/33 
stating “Ho is 
very healthy” 

No 

No 

Good 

Sac invaginated 
into canal; nor- 
mal 3 yrs. later 


L. H. 

9 

27/1/20 

2 inos. 

Cervical meningo- 
cele 

Xo 

A. W. 

9 

11/9/20 

2 mos. 

Meningocele 

Ko 

.1. M. 
d 

11/21/29 

3 iTks. 

Myelomeningocele 

Ko 

3. C. 

9 

9/21/30 
31/^ mos. 

Myelomeningocele 

Yes 

-M. M. 

9 

9/21 /2S 

2 mos. 

Myelomeningocele 

Slight 

B. C. 
d 

3/10/30 

C wks. 

Myelomeningocele 

Yes 

M. K. 

9 

(fig. 3 
and 4) 

■i/ 2 s/no 

5 wks. 

Myelomeningocele 

Ko 

B. C. 
d 

Ti/ 7/30 
10 days 

Myelomeningocele 

Ko 

I.. W. 

9 

n/20/30 

2 mos. 

Meningocele 

Ko 

.7. D. 

9 

ll/30/,30 

1 yr. 

Meningocele 

Ko 

E. .T. 
d 

i/2S/ai 

3 mos. 

Meningocele 

Ko 

r. R. 

D 

2/ 9/ai 

4 mos. 

Meningocele 

Ko 


No 

Ko 

Good 

Follow-up 

2/14/33; normal 
in every way 

No 

Ko 

Died 


Weakness 
of lower 
extremities 

Ko 

Improved 

Follow-up 

2/24/31; extrem- 
ities stronger; 
walks with braces 

No 

Slight 

increase 

Same 

Follow-up 

2/14/33; "seems 
normal in every 
way” 

Lower 

extremity 

.... 

Died 

Death 2 wks. 
after operation 

Both lower 

Increase 

Died 

Pneumonia 4 

extremities in hydro- 
cephalus 


wks. after 
operation 

Right foot 

Ko 

Good 

Follow-up Nov., 
1932; excellent 
health; walks 
with braces 

No 

Ko 

Good 


No 

Ko 

Good 


No 

Ko 

Good 

Child normal at 

3 yrs. 

No 

Ko 

Good 

Follow-up 

2/21/33; "perfect 
in every way" 

No 

Ko 

Good 

Follow-up 

2/24/33: “normal 
in every way” 


In this coUnnn, o innlc; 9. Imale. 
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J Aiti.i: A. Diiia on Potinils Ol^orntcd on Bclzvmi 192T and 1932— Continued 


Illltlllls 

iiiiU 

Dull' 

mill 

’J'j-pi.' 

KesuiUne 

Myilro- Hydro- 

Immcfhntn 

Jl. K. 

9 


ci'jiliHliis P/iniJysI? ct'pliiiliis 

Hcsults 

Comment 

.•/I, Via 
^ rr.v. 

yiyuhniivnliiKocvk 

Xo 

SVn.sory lo.es Xo 
hclow Fccoml 
dorsal ver- 
tchrac; spastic 
paraplcnla 

Same 

Folloiv-up 
2/1G/33; no 
change in condi- 
tion; stilt has 
spastic para- 
plegia 

IJ. ,\. 

9 

luez/.t} 

7 

Myelomeningocele 

Xo 

Xo Slight 

I’oor ? 

Foliow-up Oct., 
1932; has slight 
iij'drocephnlus 

I>. K. 

9 

J / 

7 ilnys 

.'nyclonieninnocele 

Xo 

Xo Xo 

Good 

Cliilti is well ex- 
cept for ciub feet 

U'. it. 

0* 

L* 11108. 

.ifciilncorolt' wllli 
siicriil ferntontu 

Xo 

Xo Xo 

Good 

roIlo«-up 

2/10/33; “baby 
getting along 
just fine” 

X. K. 

9 

.vn/.72 
e wfcs. 

Alenlneoi'cJe 

Xo 

Xo Xo 

Good 

Follow-up 

2/11/33; “in very 
good health” 

V. M. 
a* 

eiv.-z 
a inns. 

Ilor.inl inyolo. 
incrilngocclc 

siieiit 

Xo 

Diod 

Hyperthermia 


Recently J^enficld and Cone ” reported 21 cases in u’liich operation 
was j)erfonncd with only 2 deaths, and Coughlin/® 12 cases with 1 
death. In our own scries, operation was performed in 50 cases of spina 
bifida with 14 deaths and in 5 cases of cranium bifidum M'ith 1 death, 
a mortality of 27 per cent. Forty-seven of our patients were less than 
1 year old. Because of the marked improvement in results since 1927, 
we divided our cases of spina bifida into two groups. Table 2 includes 
data on those cases in which operation was performed from 1912 to 
1927. In this group tliere were 20 cases of spina bifida with 8 deaths 
(40 per cent mortality) ; in addition, in 2 of the cases a marked degree 
of h 3 ^drocephalus developed for which choroidoplexectomy was done 
with subsequent fatality. In table 3 are presented data on the cases 
in which operation was performed during the second period (fioni 
1927 to 1932). There were 30 cases of spina bifida in this group with 
6 deaths, a mortality of 20 per cent. As stated before, the maiked 
improvement in the results since 1927 was due to several factors ; how- 
ever, it is significant that of the 8 patients who died prior to 1927, 
had infected sacs at the time of operation and died subsequently o 
meningitis. Since 1927, onlj' 1 patient (B. G., table 3) with an infectec 
sac has been operated on, and the fatality was also due to meningitis. 
The data in the cases of cranium bifidum are listed in table 4. 

The frequency with which hydrocephalus developed after the lepair 
of a spina bifida is indicated in the tables. In patients uith simp 

13. Coughlin, W. T.; Spina Bifida: A Ciinica! Study with a Report of Tvc!\e 
Personal Cases. Ann. Surg, 94:892, 1931. 
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meningocele, this was relatively uncommon. Of 20 patients, 2 had a mild 
degree of hydrocephalus before operation which increased following 
the repair of the spina bifida. Weakness of the lower extremities 
occurred only twice in patients with simple meningocele. In a child of 
3 years (D. H., table 3), with a high dorsal meningocele, there was a 
bilateral ankle clonus and inabilit}' to walk. Five years after operation 
the child walked normall)’ and was pronounced “cured” by the family 
physician. In cases in which nerve tissue was present in the sac, the 
incidence of hydrocephalus and paralysis of the lower extremities before 
and after operation was much greater than in cases with simple menin- 
gocele. Of 27 patients with mj'elomeningocele, 10 were afflicted with 
some degree of hydrocephalus prior to operation. Following repair of 
die spina bifida, the hydrocephalus increased in 5 ; in 2 there was no 


Table 4. — Data on Patients with Craninni Bifidnni 


Initials 

and 

Sex* 

Date 

and 

Age 

Type 

Hydro- 

eeplialtis 

Resulting 

Hydro- 

cephalus 

Immediate 

Result 

Comment 

A. H. 

9 

5/ 0/21 

3 mos. 

Occipital 

nieningoccle 

Ko 

Xo 

Good 

Infant seen at 0 mos. of 
age; seemed normal 

S. D. 

9 

2/ 3/26 

C yrs. 

Meningocele 
at vertex 

Xo 

Xo 

Good 


G. R. 

9 

4/20/27 

3 days 

Occipital 

myelome- 

ningocele 

Slight 

hydro- 

cephalus 

... 

Died Xccropsy shoved absence 

5 wks. after of median lobe of cere- 
operation bellum 

H. K. 

9 

1/27/27 

12 days 

Frontal 

meningocele 

No 

No 

Good 

Follow-up 2/27/33; “baby 
perfect” 

L. 6. H. 
d 

10/20/30 

0 mos. 

Occipital 

meningoceic 

Xo 

No 

Good 

Follow-up 2/1C/33; “he is 
just fine” 


* In this column, c? indicates male; 9, female. 


change, and the remaining 3 died shortly after operation. In 2 infants 
in whom enlargement of the head was not noted prior to operation 
ht'drocephalus developed after repair of the spina bifida. It is interest- 
ing to note that in the group of 46 patients who were not operated on, 
29 had hydrocephalus. Weakness of the lower extremities was present 
prior to operation in 10 patients with myelomeningocele. An improve- 
ment in the strength of the lower extremities folloived operation in 
5 cases ; there was no improvement in 2, and death occurred shortly 
after operation in 3. 

Of the 2 adults who were subjected to laminectomy because of neuro- 
logic symptoms associated wdth spina bifida occulta, 1 showed marked 
improvement in the control of the bladder and the trophic ulcers 
prompth' healed. The second patient show’ed no improvement. 

Five patients with cranium bifidum (table 4) were included in this 
study because of tbe marked similarity of this defect to spina bifida. 
The operative procedure in each case was similar to that employed in 
the repair of spina bifida. Four patients made satisfactory recoveries 
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without .wqiid.'ic or complications. One infant, 3 days old, died five 
weeks after operation. Autop.sy revealed complete absence of the median 
lol.)e of the ceiehcllum and a slijLfht internal Iwdrocephaliis. In addition, 
hi onchojmeiimonia and acute purulent c{)eudyniitis were present. 

1. bifty cases of s])ina bifida and 5 cases of cranium bifidum in 
which surgical treatment was carried out in one clinic have been 
aual\-zed. 

2. Of 22 patients who were operated on before 1927, 10 died; of 
33 operated on since 1927, only 6 died. 

3. Patients with simple meningocele rarely have hydrocephalus or 
parah'sis of the lower extremities j)rior to operation, and the follow-up 
histories obtained in 14 cases (11 cases of spina bifida Avith meningocele 
and 3 cases of cranium bifidum with meningocele) indicate that these 
children grow up normally following operation and rarely have airy 
permanent .serious disability. 

4. When nerve tissue is present in the sac (cases with myelomenin- 
gocele or .syringomy’clomeningocele), hoA\"ever, hydrocephalus and weak- 
ness of the loAA’cr extremities are a frequent complication prior to 
operation. Though these symiptoms persist, it is rather striking that the 
general idea that hydrocephalus will develop, even if it is not present 
before operation, does not seem to be supported by our experience. The 
conclusion that the type of closure is responsible for postoperative 
hy'droccphalus does not seem justified. 

In our series, almost 50 per cent of the patients developed norma y 

(12 of 22). 
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An autogenous transplant of the kidney will function normally or 
maintain the life of the animal for several months or years. On the 
other hand, a homogenous transplant of the kidney will excrete urine 
for only a limited period and then rather abruptly cease to function. 
This peculiarity in the behavior of the homogenous transplant has been 
variously explained, but without the support of any definite evidence 
explanations can at best be purely hypothetic. Although it seems obvious 
that some light might be shed on the subject by knowledge of the 
histologic changes which take place in a homogenous transplanted kidney 
both before and after it has failed to excrete urine, such data are yet 
to be obtained. 

The purpose of this investigation is to study the histologic changes 
that take place in the transplanted kidneys from day to day and to note 
any qualitative or quantitative difference in the kaleidoscopic picture 
between the autogenous and the homogenous t3'pes of transplants, as 
well as between the functioning and the nonfunctioning homotransplants. 

SUMMARY OF THE LITERATURE 

Autogenous transplants of the kidney have been found normal in 
size, color, consistence and microscopic appearance three weeks.^ twenty- 
five days,- seventy-nine days and almost a year after operation." On 

Abridgment of the thesis submitted by Dr. Wu to the Faculty of the Graduate 
School of the University of Alinnesota in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy in Experimental Surgery, iMarch, 1933. 

1. Capelle: Ueber Dauerresultate nach Gefass- und Organtransplantationen. 
Bcrl. klin. Wchnsclir. 45:2012 (Nov. 9) 1908. Stich, Rudolf : Zur Transplantation 
von Organen mittclst Gef.Hssnaht, Arch. f. k-lin. Chir. 83:494, 1907. 

2. Lohcnhoffcr, Wilhelm; Funktionspvufungen an transplantierten Niercn, 
Mitt. a. d. Grenzgch. d. Med. u. Chir. 26:197, 1913 

3. Carrel, Alexis; Doppeltc Xcphrcktomie und Reimplantation einer Xiere, 
•Arch. f. klin. Chir. 88:379. 1909. 
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the other hand, Carrel,' Lobciihofter,- Litrz," Williamson « and Hol- 
loway ' observed certain definite anatomic changes which accompanied 
the physiologdc and jiathologic processes jircvailing in the transplanted 
organ. During the first few daj-.s, the microscopic pictures were such 
as would he eKjiectcd after manipulating the organ, severing all the 
nerves and temporarily interrn]){ing the circulation. No alteration in the 
histologic appearance toolc place until the function began to fail. Finall}’, 
the usual picture of hydronephrosis and infection prevailed. 

In the case of the homogenous transplants, the kidneys have been 
found to be more or less normal two, twelve, fifty, seventy-one* and 
thirty-five days after homotransplantation.'’ However, these experiences 
are e.xtraordinary. Usually, the homotransplants are subject to a great 
variety of lesions. Areas of infarction have been observed after the 
first or second day.'® Partial or complete necrosis or gangrene of the 
kidney has taken place after forty hours," one to eight days,'® from five 
to eight days,'® ten days or less and from fourteen to eighteen days." 
Calcification of the necrosed tubules has been noted after eighteen 
days. Absorption of the renal substance may begin on the fifteenth'® 
clay and be com])!etcd in three months.'® The organ has been seen to 
become fibrosed in seventy'-four day's.'® Hy'dronephrosis has been 
known to develop in six and fourteen day's.® 

Soon after transplantation, the homogenous kidney' presents the 
microscopic picture of nephrosis. The glomeruli are normal. Desqua- 


4. Carrel, Alexis ; Remote Results of the Replantation of the Kidnej and 
the Spleen, J. E.xpcr. Med. 12:146, 1910; footnote 3. 

5. Lurz, L. ; Ueher Nierentransplantafionen; Vergleichende Untersiichnngea 
des Urins iind der Uretertatigkeit der autotransplantierten und der normaleti Mere, 
Deutsche Ztschr. f. Chir. 194:25, 1925. 

6. Williamson, C. S. : Further Studies on the Transplantation of the Kidney, 
J. Urol. 16:231, 1926. 

7. Holloway, J. K. ; The Effect of Diuretics on the Transplanted Kidneys, 

J. Urol. 15:111, 1926. ^ - f 

8. Avramovici, Aurel : Les transplantations du rein (etude e.vpenmen a 

L)'on chir. 21:754 (Nov. -Dec.) 1924. t F - Jfed. 

9. Carrel, Alexis : Transplantation in Mass of the Kidneys, J. Exper. ^ 

10:98, 1908. . • p n i ,rica 5:69 

10. Mantelli, Candido ; Esperienze sul trapianto dei rein, Patho o,. 

(Feb. 1) 1913. . w,Vn klin. 

11. Decastello, A. V.: Ueber experimentelle Nicrentransplantation, 

Wchnschr. 15:317 (March 20) 1902. • T de nhysiol. ct 

12. Floresco, N.: Recherches sur la transplantation du rem, J. 

de path. gen. 7:47, 1905. _ JO:109 

13. Villard, E., and Perrin, E. : Transplantations renales, Ljon 

(Aug. 1) 1913. Hefassen und ganzcn 

14. Borst and Enderien; Ueber Transplantation 
Organen, Deutsche Ztschr. f. Chir. 99:54, 1909. 
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mation of the epithelial cells takes place. Coarse granulation and fatty 
degeneration affect the tubular epithelium, particularly that of the prox- 
imal convoluted tubules and the thick limbs of Henle's loops. Many 
of the thin limbs of Henle’s loops and the collecting tubules contain 
-casts.*^ 

When the transplant was functioning more or less well, Williamson 
found a moderate amount of edema of the tubules. Occasionally some 
h3"alin-like material was present in the collecting tubules. Ibuka noted 
cloudy swelling or degeneration of the renal parenchyma of varying 
degree. Shortly afterward, Williamson noticed eai'ly changes in the 
glomeruli and some lymphocytic infiltration with little alteration in the 
tubular elements. Then the glomeruli became more intensely congested, 
sometimes with the diapedesis of an erythrocyte into the capsular spaces. 
The swelling of the epithelial cells lining the tubules increased ; the 
nuclei stained poorly, and occasionally actual degeneration was evident. 
A few polymorphonuclear leukocytes also appeared at this stage. Ibuka 
observed progressive injury to the glomeruli and the tubules, represented 
in the extreme by fatty degeneration of the capillaiy tufts of the glo- 
meruli and necrosis of the tubular epithelium. 

As the functional life of the transplant comes to an end either a 
predominating glomerular type of injury or overwhelming tubular lesions 
prevail, depending on whether the process of failure is rapid or rela- 
tively slow. When ascending infection supervenes, abscesses, rarely 
cortical in distribution, may be formed and replacement of the renal 
parenchyma by fibrous tissue may take place.” 

MATERIALS AND METHODS OF STUDY 

For this study, twenty-four transplantations of tbe kidney were 
performed. Six of these composed a series of autogenous transplanta- 
tions of the kidnejL mid they served as controls for another series of 
eighteen homogenous transplantations of the kidney. 

Sixty biopsies were made. The specimens were fixed in Zenker’s 
solution as soon as they were obtained. Three kinds of stains were 
used, hematoxylin and eosin, A'Iallor3^’s phosphotungstic acid and hema- 
tox3-lin and van Gieson’s alum-hematox3din, trinitrophenol and acid 
fuchsin. A total of one hundred and eighty sections was studied. 

irecliuni-sized, short-haired, quiet dogs were selected. In the case of homo- 
transplantation, the host and the donor were selected at random without any 
particular reference to their breed, sex or age. The animals were maintained on 
the regular kennel diet consisting of biscuits, milk, syrup and water, and an occa- 
sional allowance of meat. Unless the excretion from the transplanted kidney was 

15. Ibuka. Kcnji: Function of the Homogenous Kidnev Transplant Am T 
M. Sc. 171:420. 1926. ' . - . j. 
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...u.s..nll,v ,.roteo, 10 cc, ot , 10 ptr m,. ot dalrose /, phvsiologic 

sololio" nf so, Inin, clilornk ficr kilosrain of body wcisht ivas etnerally admin- 
IS crc(i by llie iiitmvonoiis route just prior to the time for the collection of a 
preoperaUve .specimen of urine. 

1 !>c function of the trniisplantcd kidney was estimated quantitatively by the 
re.stilts of clieinical nnalyscs of its c.vcretion. As the general condition of the 
nuiinal, the kind and amount of food and fluid intake, the details of the operation 
and en\ ironmeutal factors varied from day to day, the absolute values were of 
little significance without a certain standard of comparison. The function of 
tlie normal kidney in tlie case of autotransplantation and that of the host’s kid- 


neys in the case of hornotransplantation served as such a criterion. 

Lvery day iinnicdiatcly preceding the biopsy operation, a specimen of urine 
was collected from the transplant, and another one was obtained simultaneously 
by catheterization from the bladder. The concentrations of urea and ammonia 
nitrogen and creatinine in the urine were determined by the colorimetric methods 
of Folin and that of sodium chloride by the titration method of ^^’’hitehorn. 

The ojierativc procedures included transplantation and biopsy every’ twenty- 
tour hours thereafter. All the operations were performed under ether anesthesia 
and with the strictest aseptic precautions. The operative field was shaved and 
washed with soap atrd water. It was then cleansed with a fat solvent and painted 
with two coats of a 2 per cent solution of iodine in benzene. Twenty-day 00 
chromic catgut was used for suturing the muscles and the subcutaneous fascia, 
and linen for suturing the peritoneum and the skin. At the conclusion of the 
operation both the abdominal and the cervical wound were painted with iodine, 
and a dressing of collodion gauze was applied on the former and not on the 
latter. 


Trniisl’Ian/afioii . — The sequence of the main events in transplantation con- 
sisted of: (1) the choice of a kidney’ as the transplant. (2) the preparation of 
the vessels in the neck for suturing, (3) nephrectomy and (4) vascular anasto- 
moses. Except for the fact that two animals, a host and a donor, were used m 
hornotransplantation, the technic was entirely the same for both varieties of 
transplantation. 

Choice of a Kidney’ ; A median line incision of the abdomen was made. ^ The 
left kidney was mobilized by’ detachment from the surrounding fascia and hga 
ments, care being taken to leave the renal capsule intact. The renal r esses 
were isolated and e.vamined. ^Vhen it was found that the renal artery’ bifurcate 
close to its origin or that two separate renal arteries arose from the aorta, t le 


right kidney’ had to be used. 

Preparation of the Vessels in the Neck; A median line incision nas m. 
in the neck. Either side of the neck may be used. The common carotid artey 
was exposed, and a pocket to receii’C the transplant was made b\ separatii - 
muscle by' blunt dissection. The vessel was isolated and its ad\enUtta r 
for a distance of from 5 to 6 cm. A bull-dog damp with padde a 

applied to the pro.ximal end of the segment and a hemostat clamp to J 

end. The segment was divided with a sharp knife about 1 cm. a o\e le 
clamp. The distal end was ligated with linen and the portion proMm, 
damp excised. Any adventitia remaining attached to the of 

vessel was then removed. Liquid petrolatum was applied o - 

the vessel w’all. A sponge saturated in warm saline solution va 
until the time to make the anastomosis. 



JFU-MANN—rRANSPLAiTrS OF KIDNEY 


893 


The external Jugular vein was prepared in a similar manner. The proximal 
end was then carried mesially through the fascia beneath the sternocleidomastoid 
muscle and placed under a sponge moistened with warm saline solution. 

Nephrectomy: Two large curved clamps were applied on both the renal 
artery and the renal vein close to their origin from the aorta and the vena cava, 
respectively. The artery was clamped before the vein. The vessels were severed 
distal to the clamps. The ureter was freed and cut, with two thirds of it 
attached to the kidney. The kidney was not perfused. It was wrapped in a 
pack dipped in warm saline solution and was gently pressed between the hands. 

When the transplantation of the kidney was completed, the renal vessels 
were doubly ligated with linen, and the abdominal wound was closed. 

Vascular Anastomosis : After removal of the adventitia from the renal vessels 
the ends were cut even. The kidney was rotated 180 degrees on its long axis 
and placed on its convex border. The carotid artery was anastomosed to the 
renal artery before the external jugular vein was anastomosed to the renal vein. 

Three sutures of 000 silk on straight number 16 needles were passed through 
both the media and the intima of the prepared ends of the vessels at points equi- 
distant from one another. The ends of the vessels were brought together, and 
after the sutures were tied and held under a moderate amount of tension the 
vessels assumed a triangular shape. By rotation, first one side and then the 
other was held in the horizontal plane and sewed with a continuous through-and- 
through suture. One needle and suture was used for each side or for all three 
sides and tied to the next so-called stay suture. 

After the anastomosis had been completed, first the clamp on the external 
jugular vein and then that on the common carotid artery were removed. Any 
bleeding from the suture line usually ceased after the application of digital pres- 
sure or heat, and occasionally after repair with one or two additional sutures. 

The time when the first clamp was applied to the renal artery and the time 
when the clamp was removed from the common carotid artery were always noted. 
During that interval there was no circulation of blood through the kidney. 

A catheter of suitable size rvas inserted into the ureter until the upper end 
reached the pelviureteral juncture. The distal end of the ureter was tied to hold 
the catheter in place as well as to stop bleeding from the ureteral vessels. The 
ureter was then passed under the sternocleidomastoid muscle and brought out 
through a stab wound in the skin on the other side of the neck. About 2 cm. 
of the ureteral stump was allowed to protrude beyond the surface of the skin 
and was held snugly in a tunnel formed by suturing the skin over it. 

Biopsy. — For biopsies, the general surgical procedures remained essentially the 
same. The wound of the primary operation in the neck was opened. The trans- 
planted kidney was freed from the surrounding tissues and lifted out of the muscle 
pocket. The artery was compressed by digital pressure, while a wedge-shaped piece 
of tissue, 2 by 1 by 0.5 cm., was excised from the convex border of the kidney. 
Tlie specimen for the first biopsy was removed from midway between the two 
poles, and subsequently it was obtained from one side and then from the other 
alternately. The sites were so spaced as to include between them at least 
1 cm. of renal substance. 

The biopsy wound was closed with number 2 twenty-day chromic catgut by 
the use of two deeply placed interrupted mattress sutures and a superficial layer 
of continuous suture. The mattress sutures were knotted on opposite sides. For 
the first suture, the end carrying a number 8 long straight needle was cut short, 
whereas for the second, the reverse was done. For the continuous layer, the 
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suture was passed diagonally across the wound, first laterally to one extremity 
ot the hne of excision, then mesially to the center and finally laterally again 
to the other extremity, returning eacli time straight through the renal substance 
to the sanic side. At tlie conclusion it was tied to the end of the first mattress 
suture wliich was left long on the other side. 


RESULTS OF INVESTIGATION' 


Gciicial Observations . — Of a total of twenty-four transplantations 
of the kidnc}-, six were failures from tlie point of view of this study. 
Thrombosis in the renal vessels with infarction and necrosis of the 
kidney within twenty-four hours after transplantation occurred once 
in the autotransplantation series and twice in the homotransplantation 
series. One dog died before the operation of homotransplantation was 
comjileted, and another dog died of hemorrhage in less than a day after 
the transplantation of a homogenous kidney. In the sixth dog the trans- 
planted kidney showed marked arteriosclerotic changes. 

On the average it took an hour and fifty-six minutes to perform an 
autotransplantation and an hour and twenty-seven minutes to do a 
homotransplantation. The time which elapsed before the circulation 
through the transplanted kidney could be restored was thirty-two and 
a half minutes in the autotransplantation series, and twenty-seven and 
a half minutes in the homotransplantation series. 

Three of the autogenous transplants of the kidney and six of tlie 
homotransplants functioned well during tlie entire period of observation, 
ranging from two to five days for the former and from one to five 
days for the latter. Two autotransplants functioned for two of tiuee 
da 3 's, and one homotransplant functioned satisfactorily for only one of 
fii^e days. Seven other homogenous transplants failed to excrete urine 
at any time. In these cases exploration revealed no thrombosis in the 
renal vessels. The biops}' wounds bled freel.v and healed well. 

The average duration of the functional activity was sevent}-A\o 
hours for the whole series of autogenous transplants and thirty-one liour-j 
for homogenous transplants. Learfing the nonfimctioning gioup out 
of consideration, we found that the homogenous transplants functiouec 


for an average of fifty-eight hours. 

So far as the results of urinalysis were concerned, there 
significant difference between the two varieties of tiansplants. 
urine was generally pale. It was neutral or alkaline in reaction. - ^ 

minuria was constant, althougli the quantity varied from a 
large amount. The sediment obtained after centrifugation con _ 

var 3 dng number of hyaline and granular casts, pus cells am 
cytes The concentration of urea and ammonia nitrogen anr ere- 
occasionally attained a Itigh level but never c<|nalcd 'y''' 
found in the urine of the normal kidney or kidneys. ’ 
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tions, the transplant secreted a far greater amount of sodium chloride 
per cubic centimeter of urine than the normal kidney or kidneys. 

In the group of five autogenous transplants the experiment was 
terminated by death in four animals and by thrombosis in the renal 
vessels in one. In the group of thirteen experiments on bomotrans- 
plantation tbe experiment was terminated b}' death in one animal and 
by thrombosis in the renal artery or vein, or both, in seven. In the 
remaining five experiments the transplanted kidney was purposely 
removed at operation. 

The amount of serosanguineous exudate around the transplant in 
the muscle pocket and the intensity of the inflammatory reaction of the 
surrounding tissues and the overlying skin varied considerably. The 
general impression, however, was that they were much greater in 
the case of the homogenous than in the case of the autogenous 
transplants. 

Histologic Observations . — The results of tbe experiments will be 
considered in three groups: (1) autogenous transplants; (2) function- 
ing homogenous transplants, and (3) nonfunctioning homogenous 
transplants. The essential histologic observations and tbe complete pro- 
tocols of the most representative experiment in each group are as 
follows : 

Autogenous Transplants : The glomeruli were normal. Sometimes 
there was an albuminoid material in a few capsular spaces. The tubules 
at times appeared normal for the first one or two days and then revealed 
swelling and granular degeneration or b 3 'alinization to a varying extent ; 
or at times they showed the degenerative changes in the beginning and, 
after one or two da 3 's, either proceeded to hyalinize or resumed a more 
normal appearance. A varying number of tubules generally contained 
an albuminoid material in their lumens. In association with extensive 
polymorphonuclear leukocytic infiltration or necrosis, the content at 
tunes was cellular. A small number of tubules showed more or less 
dilatation of their lumens on the fourth and fifth da 3 '^s. The interstitial 
tissue generally showed only a few small areas of congestion or an 
occasional collection of mononuclear cells throughout the period of obser- 
vation. Occasionall 3 ', however, it showed a progressivel 3 ’ increasing 
amount of congestion and mononuclear cellular infiltration. In two 
experiments there was polymorphonuclear leukoc 3 ’tic infiltration with 
or without necrosis on the second da 3 '. In one of those cases, a large 
poition of the renal parenchyma was found to have been destro 3 "ed 
on the third da 3 ^ The capsule of the kidne 3 '' usually showed a varying 
amount of extravasation, formation of fibrin and pohunorphonuclear 
leukocytic infiltration on the first one or two days. Organization then set 
m and an increasing amount of fibrous tissue was formed. 
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'I'lif followinj^ i.s the illustrative protocol for experiment 1 (%. 1). 

’I'lic esiierimciit was slnrtctl on April 7, 193). Tlie animal was an adult 
fi'innlc slicplicril dop. weighing 16.9 Kg. An autogenous kidney was transplanted, 
'rite time of tlie operation was from 9 to 11 a. m. The circulation to the trans- 
planted kidney was restored in forty minutes. 



day to day (X 130). 

At the end of twenty-four hours the urinary excretion was^ ^^0 mg- 

cubic centimeter contained 1.080 mg. of urea and ammo 1 

.h. »™a. Wn„.) and 0.3S4 o. -a...-. , 

kidney). The glomeruli were ^ .helial cells lining “i’^/' cared 

r„s'r a": 
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normal. Some of the tuhules contained allntminoid material in their lumens. 

The interstitial tissue was normal. The cai>sule of the kidney revealed some 

extravasation and polymorphonuclear leukocytic infiltration. 

At the end of forty-eijjht hours the urinary excretion was profuse. Each 
cubic centimeter contained 1.568 uiR. of urea and ammonia nitroKcu (1.950 mg. 
from the normal kidney). 0.259 mg. of creatinine (0.3-11 mg. from tile normal 
kidney) and 1.650 mg. of sodium chloride (1.800 mg. from the normal kidney). 
The excretion of phenoksulphonphthalein during the first hour after the intra- 
venous injection of 1 cc. of the dye was 7.4 per cent for the transplant as com- 
pared with 9.1 per cent for the normal kidney. The glomeruli were normal. 

Many of the tubules showed swelling and granular degeneration of the epithelial 

cells. Albuminoid material was present in the lumens of a few tubules. There 
was some congestion here and there in the interstitial tissue. The capsule of 
the kidney revealed extravasation, formation of fibrin, many polymorphonuclear 
leukocytes and a few fibroblasts. 

At seventy-two hours the urinary excretion was good. Each cubic centimeter 
contained 1.850 mg. of urea and ammonia nitrogen (3.900 mg. from the normal 
kidney), 0.546 mg. of creatinine (0.526 mg. from the normal kidney) and 3.900 
mg. of sodium chloride (2.370 mg. from the normal kidney). The glomeruli as 
well as the tubules were normal. The lumens of a few tubules contained albu- 
minoid material. A few small areas of congestion were noted in the interstitial 
tissue. The capsule of the kidney showed extravasation, polymorphonuclear 
leukocytic infiltration, active proliferation of the fibroblasts and an increased 
amount of fibrous tissue. 

At ninety-si.x hours the urinary excretion was scanty. Each cubic centimeter 
contained 0.714 mg. of urea and ammonia nitrogen (4.115 mg. from the normal 
kidney). The glomeruli were normal. The lumens of the tubules were dilated. 
The lumens of a few of the tubules contained albuminoid material. The inter- 
stitial tissue was normal. The capsule of the kidney showed extravasation, 
polymorphonuclear leukocytic infiltration, formation of new capillaries, active 
proliferation of the fibroblasts and an increased amount of fibrous tissue. 

At the end of one hundred and twenty- hours the urinary excretion was scanty. 
Each cubic centimeter contained 0.314 mg. of urea and ammonia nitrogen (2.272 
mg. from the normal kidney). The glomeruli appeared somewhat smaller than 
usual. Marked granular degeneration of the epithelial cells was present in many 
of the tubules ; in some there was cystic dilatation of the lumens, whereas a few 
other tubules contained albuminoid material. There were several small areas of 
congestion scattered throughout the interstitial tissue. The capsule of the kidney- 
showed extravasation, formation of fibrin, poly-morphonuclear leukocytic infiltra- 
tion, active proliferation of the fibroblasts and an increased amount of fibrous 
tissue. 

At the end of one hundred and forty-four hours the dog died of hemorrhage 
from a tear in the vein at the site of anastomosis. The transplanted kidney- 
weighed 75 Gm., measured 7 by 4.5 by 4 cm. and showed a cloudy- swelling. 
The normal kidney weighed 75 Gm. and measured 6.5 by 4 by 2.5 cm. 

Functioning Flomogenous Transplants: The glomeruli were nor- 
mal. Albuminoid material was found in a few capsular spaces on the 
first two days in one of the experiments. The tubules usually appeared 
essentially normal for the first one or two days and then exhibited an 
mcreasing amount of swelling and granular degeneration or hyaliniza- 
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lion.^ Oil the Olhei- h.-md, the ck-i'cncnitivc changes were observed on 
flu: first day, either to remain or to di.sapiiear later. Occasionally there 
dilatation in the Inniens of the iiihitles, which was evident either 
from the heginning or only toward the end of tlie experiment. With 
Init line exccjition a varying’ number of tubules alwaj's contained albu- 
minoid material. J he intenstitial ti.s.sue was normal on the first day. 
Mote commonly, however, a few collections of mononuclear cells and 
.iieas of congestion ii'ere present in the heginning, and they gradually 
increased in c.xtent and intensity from da)' to day. Polymorphonuclear 
leukocytic infiltration, which occurred in se\’eral instances, was always 
toiind on the last day of the experiment. In one case the polymorpho- 
nuclear leiilcocytes were absent, and the necrosis seemed to be the 
consummation of a jirogressivcly increasing infiltration of mononuclear 
cells. The capsule of the k’idne)' was the seat of extravasation, forma- 
tion of fiiirin and jjolymorphonuclcar leukocytic infiltration until the 
second or third da)’, U’hen organization and fibrosis began. 

The illustrative protocol of experiment II (fig. 2) is as follows: 


On Octolicr 12, 1931, a homogenous kidney was transplanted into an adult 
male shepherd dog weighing 14.8 Kg. The donor was an adult male shepherd 
dog weighing lO.d Kg. The time was from S:45 to 10:20 a. m. The circula- 
tion to the trans{)lanted Uklney was restored in twenty-five minutes. Immediately 
there was albuminoid maferiai in a few capsular spaces and tubules. Otherwise 
the capsule of the kidney and the parenchyma were normal. 

.■\t the end of twenty-four hours the urinary excretion was profuse. Each cubic 
centimeter contained 2.2S4 mg. of urea and ammonia nitrogen (22.220 mg. from the 
recipient’s kidnej’s), 0.162 mg. of creatinine (0.255 mg. from the recipient’s kid- 
neys) and 2.640 mg. of sodium chloride (1.485- mg. from the recipient’s kidneys). 
The glomeruli and the tubules were normal. Albuminoid material was present in 
a few capsular spaces and tubules. There were numerous small areas of congestion, 
mononuclear cells and edema in the interstitial tissue. The capsule of the kidney 
showed extravasation, formation of fibrin, poly'morphonudear leukocytic infilfra 
tion and capillary proliferation. 

At tlie end of forty-eight hours the urinary excretion was profuse. Each cu ic 
centimeter contained 1,142 mg. of urea and ammonia nitrogen (26.667 mg. rom 
the recipient’s kidneys), 0.133 mg. of creatinine (1,250 mg, from the recipien s 
kidneys) and 4.455 mg. of sodium chloride (1,073 mg. from the recipient’s kidneys^ 
The glomeruli and the tubules were normal. Albuminoid material was presen 
a few capsular spaces and tubules. There were several collections of raononuc 
cells, edema and diffuse congestion in the interstitial tissue. 
kidney showed extravasation, formation of fibrin, polymorphonuclear eu 
infiltration, few newly formed capillaries and a proliferation of the ro as 

At the end of seventy-two hours the urinary excretion was 
cubic centimeter contained 1.408 mg. of urea and ammonia - ..nt's 

from the recipient’s kidneys), 0.084 mg. of creatinine (0.760 mg. kidneys)- 

kidneys) and 4.538 mg. of sodium chloride (0.660 mg. pnuLfel cells vas 

The glomeruli were normal. Granular degeneration o ’ , , ^ dilated- 

present in a number of tubules. The lumens of a few l,,ger 

Albuminoid material was present m a few others. There r 
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collections of mononuclear cells and diffuse and marked congestion in the inter- 
stitial tissue. The capsule of the kidney showed extravasation, polymorphonuclear 
leukocytic infiltration, formation of new capillaries and active proliferation of the 

fibroblasts. . t- t t • 

At the end of ninety-six hours the urinary excretion was scanty, tach cubic 

centimeter contained 1.428 mg. of urea and ammonia nitrogen (34.483 mg. from 



Fig- 2. — Histologic appearance of a functioning homogenous transplant of the 
kidney from day to day. The progressively more marked mononuclear cellular 
infiltration and the necrosis in the end may be noted (X 130). 


the recipient’s kidneys), 0.126 mg. of creatinine (1.379 mg. from the recipient’s 
kidneys) and 0.436 mg. of sodium chloride (0.742 mg. from the recipient’s 
kidneys). The glomeruli were normal. Many of the tubules were swollen, 
and there was granular degeneration of the epithelial cells, A few clusters 
of them were hyalinized. There was cystic dilatation of the lumens of a few 
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At the end of seventy-two hours the glomeruli appeared smaller than usual, 
and there seemed to be a relative thickening of the capillary walls. The tubules 
showed more swelling and granular degeneration and still cpntained an abundant 
amount of albuminoid material. There were a few small collections of mononu- 
clear cells in addition to diffuse and marked congestion of the interstitial tissue. 
The capsule of the kidney showed more organization and fibrous thickening. 

At the end of one hundred and twenty hours the glomeruli continued to appear 
smaller than usual. There seemed to be an increase in the number of cells, and 
the open capillary loops were not easilj' distinguishable. Most of the tubules were 



Fig. 4. — Characteristic mononuclear cells that were found to invade the traits 
plants (X 1,400). 

destroyed. Albuminoid material was present in the few remaining tubules. 
were congestion and polymorphonuclear leukocytic infiltration of ' Ul 

tissue, with many large areas of necrosis. The capsule of the kidney siovscf 

more organization and fibrosis than before. r-ition 

.■\t the end of one hundred and forty-four hours an cx]>Ioratorj 
revealed thrombosis in the renal vessels. The transplanted kidney vas mcr 

Summain- of tlie Histologic Data: Comparatively 
changes as were observed to he present or absent in the g 
tubules are not distinctive of cither tlie autogenous or t ic ^ 
enous kidney transplant. In both cases, the glomerti i 


ii'! --.y. /.v.v~7 A’. ;.v.s7’A. i\rs or Kinxr )' 


p:\rUcuhr strucuiral aUcintimi. (Jcrasionally tluTc was alhtiminoid 
material in a tow cn]isular simcos. 'I'lio tni)tilcs ai)iK'aror| noniinl or 
oxhihilcd a varvini; amount of do.ucnoration. or a clianiio from one to 
the other. Tlie deiteneration of tlie epitlielial cells. ])rineii)ally of those 
lining the convoluted tuhules and the thick limits of the looits of llenle. 
usuallv consisted of swellint; and .granular chanties in the cytoitlasm 
with the nuclei remainintt aiiparently intact, llyaliiiization of the cells 
also occurred. 



Fig. S. — Active proliferation of fibroblasts noted in the' capsules of the trans- 
planted kidneys (X 500). 

In the autogenous and the homogenous transplants the collecting 
tubules and the thin limbs of Henle generally contained albuminoid mate- 
rial. But the amount seemed to be the most abundant in those homo- 
transplants that failed to excrete urine. More or less dilatation of the 
lumens of a varying number of tubules also took place. 

Mononuclear cells were found to invade both varieties of transplants 
(fig. 4). Instead of showing a diffuse distribution, they appeared in 
the perivascular region as often as in collections without special refer- 
ence to any of the structural components of the kidney. In the auto- 
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transplant they seemed to occur in numbers somewhat proportional to 
the amount of clei^eneration. Sometimes tliey were altogether absent. 
Jn the homotransi)Iant, on tlie other hand, there was usual!}' a progres- 
sively increasing number of these cells. Often the degree of infiltration 
did not coi respond to tlic amount of degeneration. The kidney even 
appealed otherwise normal. In the course of time mononuclear cells 
overwhelmed tlie transidant and destroyed it. 

Necrosis occurred in one variety of transplanted kidney as well as 
tile other. Most of the time, it was associated with a number of poly- 
niorjihonuclear leukoc}‘tes. In a few instances in the homotransphnta- 
tion scries, however, only mononuclear cells were present. 

1 he capsule of the kidney always revealed a varying amount of 
e.xtravasation. formation of fibrin and polymorphonuclear leukocytic 
infiltration on the first one or two days after the autotransplantation or 
homotranspiantation. Then organization began and progressed actively. 
The amount of fibrous tissue rvas markedly increased in a short time 
(fig. 5). 

COMMENT 

The operation of transplantation involves an unavoidable amount 
of exposure and manipulation of the organ and disturbance of its blood 
supply. Tlie kidney is injured, as evidenced by structural degeneration 
and functional impairment. For the same reason, the biopsy operation 
is also harmful, although to a much less degree. But, remarkably 
enough, a kidney that is subjected to such a procedure every day often 
tends to resume a normal histologic appearance and to be improved 
functional!}'. However, this holds true only for the autogenous trans- 
planted kidney. It seems that, under the unfavorable conditions which 
arise after transplanting the organ of one subject into the body of 
another the homogenous transplant possesses a diminished power of 
resistance to injurr- or fails to recover rapidly from it. 

In the transplantation of tissues in general, a few tymphocytes ma) 
be found here and there in an autotransplant in the first few weeks. 
Soon the small collections of lymphocytes begin to disappear until the\ 
are no more than those present in normal tissue.’® In a homotransp ant, 
however, after seven or eight days a remarkable infiltration by 
cytes takes place; these surround and invade the living tissue. In t>e 
case of renal tissue in particular, lymphocytes are only occasiona 
present in the autotransplant. In the homotransplant, however, >e} 
are found at first around and in the peripheral zone of the living rena 
tissue.’® Then the lymphoc3rtes collect about the tubules in increas » 

16. Loeb, Leo: Transplantation and Individuality, Physiol. Rei. !&• 

1930. 
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number mul. utter the tcttlh day. penetrate inli» ibe itlnmentli and tlie 
\umcits oi tbe tubulef.’' 

Tile inonoiniclear cells tliat have been found to invade tbe auto- 
genous and boniogeuous transplants of tbe Uiibiev are pvedf)ntinantly 
of tbe large mononuclear type, and include relatively few lynipbrKytes. 
Probably tbe differcuce is one of tenniufdogy. and tbe same bind of 
cells are always involved in tbe reaction of tbe Imst to an autotransplant 
or a bomotransplanl. 

It is to be expected that tbe cellular reaction sboubl generally be 
evident as soon as tbe first or second day after transj)lantiug tbe organ 
and rapidly increase in intensity. With an intact blr)od supply there is 
immediate and most intimate contact between tbe cells of tbe trans- 
planted kidney and tbe fluids of tbe host. 

Necrosis in areas of varying size was observed toward tbe end in 
several experiments. Usually it is associated wilb a large number of 
polymorpbonuclear leukocytes. Somctiincs only mononuclear cells arc 
present. This may be tbe scr|uel of a mononuclear cellular infiltration, 
often extensive in tbe bomotransjdant. citber directly or by interfering 
with tbe nourisbment of tbe parenchyma. Then, as in the case of infarc- 
tion, tbe invasion of the polymorphonuclear leukocytes is secondary 
to autolysis. But bydronepbrosis and ]>yoncpbrosis arc of frcciuent 
occurrence. A varying number of pus cells was invariably found in the 
urine. Tbe urine was cultured twice, and both times tbe reaction was 
positive for Bacillus coli. Therefore, tbe pathologic picture probably 
represents pyelonephritis from an ascending infection of tbe urinary 
tract. 

Thrombosis in the vessels at the site of anastomosis between the 
host and the transplant occurs more frequently after bomotransplanta- 
tion than after autotransplantation. However, this does not explain tbe 
peculiar functional behavior of the homogenous transplant of tbe kidney. 
Often when function has definitel}' failed, exploratory operations for 
several days afterward reveal the blood supply to be intact. Wounds 
in the kidney bleed profusely and heal well. Microscopic examination 
of specimens of tbe tissue removed at biopsy does not show thrombosis 
in the vessels or any sign of infarction. Instead of being the result of 
thrombosis, necrosis in the kidney often precedes it and seems to favor 
its occurrence. 

The capsule of the kidney generally shows a marked increase in the 
amount of fibrous tissue. It probably exerts a constricting and injurious 
effect on the transplant by interfering with the blood supply and by- 
preventing the change in the volume of the kidney which normally takes 
place. 


17. Loeb, Leo; Further Investigations on Auto and Homoioplastic Transplan- 
tation of Kidney Tissue. J. ;M. Research 37:229 (Nov.) 1917. 
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Alth()u.!,rh llic; fliffcrciicc in functional behavior Ijetu'cen an autog- 
enous and a lioinof^cinnis transpJatit of the kidney may be explained 
to ,1 ceil.iin extent f)n a patliolotjico-anatoinic basis, tlie underlying cause 
for the existence ol the j)athologico-anatojnic difference remains to be 
designated. Jn the absence of anv definite knowledge, biologic factors 
are generally lield respf)nsible. 

Loch suggested that after trans])lanting an organ from one animal 
into another of the .same species, a homodifferential develops. In the 
inadequate environment it assumes injurious properties, either directly 
or after interaction with the body fluids of the host, being thus trans- 
formed into a homoto.xin. And it is this toxin which calls into play 
tlie reactions on the part of the host. Nenhof believed that tissue 
compatibility or incompatibility' lies at the root of the problem. The 
basis is probably physicochemical. 

The present state of knowledge points to two separate channels 
through which impror'ement in the results of bomotransplantation may 
be expected. 

The first possibility of improvement consists in the proper selection 
of the host and the donor. This is suggested by’' the experience of 
Dederer.^® He used puppies of the same litter, and a transplanted kid- 
ney functioned well continuously' until the host died from intercurrent 
distemper twenty-six days later. According to Loeb,^® this falls into the 
category' of syngenesiotransplantation rather than homotransplantation. 

The second possibility' lies in the suppression of individuality'. The 
reactions against homotransplants are due to the active metabolism of 
the homogenous tissues or to the presence of very labile substances.^® 
Siebert has shown that it is possible, through graded exposure of the 
homogenous tissue previous to transplantation, to find an intensity ot 
heat which, while allowing the tissue to live aiid to regenerate, does not 
to any' extent attract the lymphocytes of the host. It is obvious, of 
course, that unless the function of the kidney is preserved, such a pro- 
cedure is not applicable. 

Surgery as a mechanical craft is almost complete. Operations have 
been performed on every' organ of the body. Although it cannot be 
said that every' operation has been conceived, it is clear that no startling 
innovation in the realm of pure surgical handicraft is to be expecte , 
except possibly in the direction of the transplantation of organs.-* 


18. Neuhof, Harold; The Transplantation of Tissues, New York, D, Appleton 

and Companj', 1923, p. 297. , . the 

19. Dederer, Carleton ; Successful E.xperiniental Homotransplantation 
Kidney and the Ovary, Surg., Gynec., & Obst. 31:45 (July) 1920. 

20. Siebert, W. J. ; Effect of Graded Degrees of Heat upon Carti 
HomoiotransplantatiotJ and Heterotransplantation in Guinea Pig, Proc. o . 

Biol. & Med. 26:238 (Nov. 27) 1928. 

21. Ogilvie, W. H.: Recent Advances w Surgery, ed. 2, noiicio , j 

Churchill, 1929, p. 495. 
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Transpiantnlion of tlie l<i(lnvy pvon^i^c of vliiiieiil 

T\ic destruction of both ki(lm'\> from luiHuculosis. corrosive mercuric 
chloride ]>nisoniu_ii or :iny other coiiflition constitutes :ui iudicatioti for 
such a procedure. L'uder those couditioiis (here is no other choice in 
order to prolouje; or to save the life <it the person. 

The experiments in autotransplantation have ju'oved conclusively 
that the kidney can he traus]danted. In clinical stirjtery, however, there 
is praclicallv no occasion tor autotransplantation. 1 leterotransjilantation 
has heen performed several times with complete failure as the uniform 
result.-" Momotransplantation remains to he attempted. 'I'he difiiculty, 
of course, lies in ohtainiui^ a human kidney transplant, l.hit. it is not 
an insurmountahle obstacle in view of the fact that a person can live 
normally with a single kidney. 

The species of animals commonly used in the laboratory cannot he 
arranged in groups comparable to the blood groups of man.""' In the 
experiments on homotransplautation. it is therefore not possible to select 
the donor on the basis of compatibility of the blood. I-oeb believed 
that it is improbable that the blood group of host and donor can he 
of great significance in this connection, while Xenhof thought that blood 
compatibility should he a basis for satisfactory results. It remains to 
be seen whether the clinical application of this principle will produce 
results different from and better than those obtained thus far in experi- 
ments on animals. 

On the basis of our present knowledge of the subject there can be 
only one conclusion. As emphasized by Mann."' the successful trans- 
plantation of a healthy organ to replace a diseased one awaits the dis- 
covery of the biologic factors which prevent the survival of the tissue 
of one subject when transplanted into the body of another, together with 
the development of methods to hold the action of these factors in 
abeyance. 

SUMMARY AXD CONCLUSIONS 

The purpose of this study is twofold : to ascertain the histologic 
changes which may take place in the transplanted kidneys from one 
day to another, and to note if there is a difference — qualitative, quan- 

22. Jaboulay, M. ; Greffe de reins au pH du coude par soudures arterielles et 
veineuses, Lyon med. 107:575, 1906. UUmann, Emericb; Experinientelle 
Nierentransplantation, Wien. klin. Wchnschr. 15:281 (March 13) 1902. Unger, 
Ernst; Nierentransplantationen, Berk klin. Wchnschr. 47:573 (March 28) 
1910. Neuhof.;:® 

23. Sanford, A. H., and Mann, F. C. : Unpublished data. Neuhof.i® 

24. Mann, F. C.: Transplantation of Organs, in Contributions to Medical 

Sciences in Honor of Dr. Emanuel Libman by His Pupils, Friends and Collea<^ues 
New York, The International Press, 1932. p. 757. “ 
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oi in the seciuence of events — between an autogenous and a 
hoinogennns transplant, as well as between a functioning and a non- 
tnnclioning hoinotransplant. 

Six antotransplanlalions and eighteen Iioinotransplantations of the 
kidney were pcrfnnned. Only five autotransplants and thirteen homo- 


tiiinsplants were suitable for this study. Sixty biopsies were made. A 
tf)tai of one hundred and eighty histologic sections were examined. 

Dogs Avere used for the experiments. The operations were per- 
formed under ether anesthesia and with sterile technic. The kidneys 
were tratts])[anted (ly anastomosis of blood vessels into the neck. The 
functional ca])acity each day was estimated by the results of chemical 
analyses ol the urine. 'Hie .sequence of events in the histologic struc- 
tures was followed by hiopsies every twenty-four hours. The observa- 
tions were limited to the first five days after transplantation. 

All of the autogenous and six of the homogenous transplants func- 
tioned alike until the transplant was remo\'ed at operation, until the 
animal died or until thrombosis in one or both vessels or p3^elonephritis 
occurred. One hoinotransplant excreted urine only part of the time, 
and six others failed to do so at any time during the period of observa- 
tion. Thrombosis was not the cause of the failure to function, because 
in such cases exjtloratory operations revealed the vessels to be patent, 
and the biops}' wounds bled and healed as usual. 

The autogenous and the homogenous transplants did not show dis- 
tinctive changes in structure. In one as in the other, the glomeruli 
appeared normal, the tubules contained a vari’ing amount of albuminoid 
material, dilatation or degeneration, and the capsule of the kidney had 
undergone organization and fibrosis. Quantitatively, however, in the 
case of the nonfunctioning homotransplants the tubules seemed to con- 
tain a greater amount of albuminoid material than usual. 

Both varieties of transplants may show a few small collections ot 
mononuclear cells on the first one or two days following transplantation. 
In the hoinotransplant, however, the infiltration is soon present in exces.s 
of the amount of degeneration and is followed by necrosis and destruc- 
tion of the parenchynna. On the other hand, in the autotransplant, t ic 
number of those cells appears to be somewhat proportional to the severity 
and extent of the degenerative changes, and it tends either to remain 
the same or to diminish. 

Although the course of changes that accrued from day to day nas 
progressive in both cases, it seemed that in the autotransplant it was 
reparative, Avhereas in the hoinotransplant it was Regenerative. - o 
evidence was found to suggest the type of biologic factors 
reaction between the host and the transplant after honiotransplan 
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I. WILLIAM XACHLAS, M.D. 

II.M.TIMOHi: 

Althoiigli volumes Ii.'ive liceii written ahoiil llie rleformitics oi tlio 
leer, almost no clinical attention has been t;iven to tovsifmal deformities 
of the developmental lyiie. It the observations reported here arc correct, 
these deformities not only liear a i^enninc academic interest but arc of 
considerable clinical importance. In fact, one must itive recoitnition to 
these deformities if one is to explain certain phenomena associated with 
lateral bowing of the legs which cannot he proiierly cxiilained by the 
mechanics of a lateral bend. The torsional abnormality is likewise 
needed to account for the failure of standard thera]ieutic jiroccdures 
in the correction of well known deformities of the feet. 

The studies were made on patients seen in the clinic for rickets 
of the Johns Hopkins pediatric service. The clinic material includes 
nonrachitic children with abnormalities of gait and posture, as well as 
those with the rachitic caricatures of ])hysiologic curves, who supply 
excellent material for the investigation of deformities of developmental 
origin. As one observed these children, one fref)ucntly noted the 
waddling gait and the intoe so generally associated with bowlegs. But 
the amount of waddling and toeing in was by no means uniformly pro- 
portionate to the amount of lateral bowing. Furthermore, the mechanics 
associated with an outward bow did not fully explain the gait. The effort 
to clarify these discrepancies directed attention to the medial torsion of 
the leg. a term used to describe an inward twist of the lower part of the 
leg when the knees are kept in their normal jjosition ; that is, when 
the upper part of the tibia and fibula is held in the normal position, the 
lower part is rotated on the longitudinal axis so that the normal anterior 
surfaces are medially displaced. This deformity involves onlv the por- 
tion between the knee and the ankle and does not include the irregular- 
ities of the foot and thigh. 

The recognition of torsional displacement of a cylindric body 
without adequate surface markings is difficult. For the same reason 
an inward twist of the leg can easily escape the eye of the clinician. 
The cylindroid shape of the leg and the paucity of obvious prominences 
and reliable landmarks, as well as the mobility of both ends, make it 
easy to overlook this type of deformity. The apparent criterion, the crest 

Read at the meeting of the American Orthopaedic Association, May 10, 1933 
From the Departments of Orthopedic Surgery and Paediatrics of the Johns 
Hopkins Medical School. 
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of the (ihia, cannot lie accepted as reliable because normally it slants 
iinvnrd and bccoines indeterminate in the lower half of the tibia. The 
a.'jyminetrical jdaccnient of the lou'cr nmUcoVi with regard to the trans- 
\cise a.xis of the anlde makes it all the more difficult to recognize the 
alinement of the ankle joint. Ji i.s easy to see, therefore, how a moderate 
toisional deformity can escaj)c the eye of the examiner unless specific 
details for the recognition arc supplied. 

In the normal limb the knee faces directly forward as the foot, 
anatomically jdaced wifii regard to the ankle, points forward. This 
position becomes the clinical zero point from which medial twists may 
i)C measured in degrees as apparent torsion. The measurement of 
apparent torsion or clinical torsion must be differentiated from the abso- 
lute readings available to anatomists. In the dissected specimen it is 



Fig. 1. — Torsionoiiieter and method of use; the instrument consists of a caliper 
and pendulum with an indicator attached. 


possible to measure the torsion of the leg accurately b}”^ projecting the 
transverse axis of the knee on the transverse axis of the ankle an 
reading the angulation. In fact, statistics are available that indicate 
that in the clinical normal there is an absolute average outward twist 
of 28.4 degrees.^ It will be necessary, therefore, when the living patient 
is being considered to translate the absolute figures of the dissecte 
leg into the apparent readings. Clinical readings may be made y 
supporting the foot in the normal right-angled relationship at the an e, 
when the angle made by the foot with the anteroposterioi axis o tw 
knee can be estimated, or one may point the front of the knee 
upward and measure the torsion at the ankle with fair accuracy ) 
the use of a simple caliper with a pendulum attached. More acci 
measuring devices can be made, but they are cumbersome. 


1. Strauss, William : Contrib. Embryol., 1927, vol. 19, no. 380. 
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Bcariiiij criteria in miinK fine fiiids medial tnr,‘'i<in ])re.''eiit in 

persons of all ajjes. In adults it is seen only oceasiontilly. In cliildren 
attending the clinic for rickets it is hy no nteans an infre(iuent sight, 
while in the nursery of the department of olistetrics it is found in about 
SO per cent of the new-horn. I'reliistoric man. as represented by recon- 
structions of the Cro-Magnon. La I'errassie ami .^jiy men. and. more 
particularly, the anthropoid apes likewise show this charticterislic.’ If 
one studies the available mc.asurements. translated into the clinically 
apparent figures, one finds that inward torsion e.xi.sts in the adult 



Fig. 2 . — The amputated limbs of a new-born baby, demonstrating inward tor- 
sion of the legs. 

orang-utan at 52 degrees ; in the gorilla at 38 degrees ; in prehistoric 
man at about 25 degrees ; in the human 6 month fetus at 14 degrees ; 
in the new-born at 17 degrees; in the juvenile at 11 degrees, and in the 
human adult at 0 degrees. From this one may deduce that our anthro- 
pologic ancestors began with an inward twist which has unwound itself 
phylogenetically and ontogenetically to produce the leg of the modern 
man. If this is true, one may consider atavistic reversion and develop- 
mental arrest etiologic factors for medial torsion. One might further 
expect that, as a rule, the unwinding process will have more opportunity 
to go on to its completion in the tall adult than in the person of stunted 
growth. Gross observations tend to substantiate this by revealing that 
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(he inward (wist is more prevalent in short people. It is likely that the 
wnvimhng takes place at (he epiphyses rather than in the shaft, since 
( 1 ) it acts during: the period of growth, (2) it is evidenced in children 
who ha\-e for some reason or other never walked (this is a contradiction 



Fig. 3 , — A 2 year old rachitic child with torsion, showing outward facing of 
tire patellas when the feet are in an approximately normal alinement. 



Fig. 4. — Legs dissected to show abnormal alinement of the tibia and fibula 
medial torsion. 


of Le Damany’s assumption that it results from bipedal 
and (3) it manifests itself in children whose bones have 
hardened by intensive medication with viosterol. Sone-softening is 
such as rickets permit an exaggeration of the normal curves } 
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fcrcncc \Yith epiphyseal (levelopnieiu an<l by allowiti}; the shafts to 
hotv untlev a supcvinevaiiheiU weijthl. As in the spine, esteiisive lateral 
bowing will generally he accompanied by rotation. Tliis concomitance 
of rotatory deformity with lateral bend can l)e demonstrated in the 
lahoratorv if one attempts to angnlate the st)ftened hones of the leg 
latcrallv. Pathologic factors, snch as infantile jiaralysis, distal malfor- 
mations and tranmas. arc not considered in this i)a])er. .Se.'c variations 
arc found to he negligible, and the predominance of colored patients 
over white is probably due to the greater incidence of rickets in the 
former. 

rATIIOI.oniC ANATOMY 

The normal adult tibia and fdnila present the following important 
relations : 

The fibula is lateral and posterior to the tibia in jiractically its entire 
length. The lower end of the fibula extends distal to the lower end of 
the tibial malleolus for a distance of approximately 1.5 cm. The trans- 
verse axis of the ankle cannot he established by the widest point 
between malleolar prominences. A more accurate gage, for clinical 
purposes, of the transverse axis of the ankle is one in which a line is 
drawn from the tip of the internal malleolus to the most prominent 
point on the anterior border of the lateral malleolus. The crest of the 
tibia does not supply a reliable landmark because in tbe lower half 
of the tibia it curves inward and loses its clearness. This fact is of 
importance because at first sight one might confuse the inward dis- 
placement of the crest with an inward twist of the leg. The fibula is 
normally articulated with the tibia at its proximal end with a true 
synovial membrane. There is a definite amount of mobility that can 
be obtained at this point in the dissected specimen. The lower tibio- 
fibular articulation is much more firmly knit and does not present a 
clearcut synovial membrane. There is, nevertheless, an unmistakable 
amount of play available at this point. In the patient with inward 
torsion the fibula is carried forward by the tibial torsion so that the 
lower end of the fibula is not posterior, but anterior, to the bisecting 
frontal plane. Furthermore, a foreshortening of the fibula must take 
place, as it is spiraled around the tibia so that when the head of the 
fibula remains fixed the tip of the malleolus must be abnormally 
high. As a rule, in most of the patients with marked inward rotation 
the tip of the fibular malleolus is practically on a plane with the tip 
of the tibial malleolus. 

CLINICAL PICTURE 

In the symptomatology and the physical findings one meets factors 
of considerable practical interest. The child is usually brought in with 
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lj)e comphiint ot bowlegs. Occasionally the maternal complaint is that 
tlie cliild walks piyeon-toed." Not infrequently a patient is referred 
because he is believed to have rickets, 111011^11 lie fails to show rachitic 
changes on clinical or roentgen examination. The priniar)'’ picture is 
as follows; 

1. It is noticed that an apparentl.v healthy baby, possibly somewhat 
ovcrwciglit but certainlv quite active, walks with a marked inward 
pointing of the feet. If the child is allowed to stand, one finds no 
evidence of metatarsus varus or hallux varus. The foot is well balanced 
in its relation to the lower part of the leg. Frequentl}’’ there is a pro- 
nounced lateral bow. If the patient is allowed to sit with the feet 
suspended over the edge of the table and the knees together, it is found 
that the feet point inward. This is particularly emphasized by the 
appearance of the extremity when the physician supports the foot with 
the ankle in the normal position. If the legs are stretched out on the 
table so that a line dropped through the prominence of the tibial 
tuberosity forms a perpendicular with the table, the lower part of 
the leg will be definitel}' twisted inward. While the aforementioned 
instrument proves of assistance in recording the amount of twist, it is 
not necessar}' for gross recognition of the deformity. It is noteworthy 
that the abnormal gait is much more pronounced when the patient is 
actuall)' walking than when he is standing still. 

2. Again, many patients present themselves because of bowlegs. 
When the patient is allowed to lie on the table and the feet are apposed, 
however, no gross lateral bowing is observed. This observation was 
particularly brought forth during the recently prevailing fashion for 
knee-length skirts. Young women seeking assistance for what appeared 
to them cosmetic deficiency not infrequently failed to find S3'mpathy m 
the attending physician because of this apparent lack of separation 
between the inner aspects of the limbs when the feet were apposed. On 
the other hand, in patients of this type one finds that the alinement 
of the feet has been accomplished by the relative external rotation o 
the limbs at the hips, Avith the result that the normal posterior fulness 
of the calf is displaced tmvard the midline so as to obscure the 
between the inner borders of the leg. The patient, however, is u > 
aware of the distortion, because when she assumes her normal 
the deformit)^ becomes apparent. In patients of this sort, if the exam 
ining physician looks for the patellas when the feet are held toget ler, 
he finds that they are facing distinctly outward. In an attempt o 
correct the awkward toeing in, the patient may of his o\\ n acco 
follow one (or both) of two courses: (1) eversion of the entire nni 
at the hip or (2) abduction of the foot at the mediotarsal joint. 
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3. Tlic lirsl of ihcso cmniicu.'-atory inanciiviT.'- is resi)imsil)Ic for 
another clinicaf nianifoslalion. the ho\v-lcv;iiC(l watUlle. I he ^ait is 
characteristic. Tliere is a swayinj^ of the tninh from tlie miclline as 
each step is taken. It is not a shuille such as tjne Inuls in the child with 
knock knee. .At each step the trunk is swunj; onto llie susiainiiif^ limh. 
The gait is not unlike that seen in patients with paresis of the gluteus 
meclins and niiniinus inuseles. Utilizing this coini):irison, one finds that 
the child who externally rotates the entire leg to coinjiensate for the 
inward pointing of the foot impairs the function of the lesser glutei. 
The effect of the movement is to a|)proximate the origin and insertion 
of the abductors of the leg. that is, the gluteus medius and minimus 
muscles. This results in a diminished function of the muscles so that 
assistance must he given to them hy tilting the trunk to bring the center 
of gravitj’ more nearly over the femoral head. Uxaminations of articu- 
lated skeletons as well as of normal adults indicate that an external 
rotation of 40 degrees shortens the distance between the greater 
trochanter and the appro.ximatc center of action of the gluteus medius 
and minimus muscles by from 1,5 to 2 cm., or by ap])roximately 10 
per cent of the normal distance. Care must be taken to rule out coxa 
vara. 

4. The second compensatory maneuver, abduction of the foot at 
the mediotarsal joint so that the front part of the foot bears the normal 
walking alinement while the posterior portion retains the inward twist, 
gives one the fourth clinical anomaly. This abduction ])roduces talipes 
valgus and the patient appears for treatment for fiatfoot. It is not 
uncommon to find that children who stand with abduction of the foot 
walk wdth a marked varus gait, the so-called ])arado.xical clubfoot. 
The explanation for this paradox on the basis of the strain-relieving 
muscular pull when the child is walking is inadequate for all cases. Many 
of the children w^alk wdth an exaggerated toeing in. in spite of a mechan- 
ical support supplied to relieve the foot strain. On the other hand, the 
inward twdst of the leg affords an explanation for the pigeon-toe gait 
in the presence of static valgus. 

ROENTGENOGRAPHIC OBSERVATIONS 

Most of the studies to which the patients w'ere submitted required 
roentgenograms. It was natural, therefore, that one should expect reports 
of torsional deformities from the roentgenographic department. Since 
reports of this type were not forthcoming, an attempt was made to 
determine some roentgenologic corroboration of the clinical impressions. 
Unless one looks for certain specific factors, one may easily pass hy 
many of the roentgenograms as showdng no abnormalities. 
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lo establish dibcrcntiai factors, roentgenograms were taken of a 
nm-niai tibia and fibula. It was found that under the standard methods 
ot c.xposuie the shadow of the entire fibula lay beside the shadow of 
the tibia without overlapping. Ihis was noted on both anteroposterior 
•ind lateral views. Jf, then, the bones were softened and an experi- 
mental torsion of 30. 60 or 90 degrees was made in the bones of the leg, 
the roentgenograms demonstrated an overlapping of tlie distal portions 
ot the bones when the jiroxiinal portions were held in their normal 
relationship. A check-up between the clinical notes and the roentgen 
readings on m_\’ jiaticnts showed definite qualitative and quantitative 



Fig. 5. — Roentgenogram of the decalcified bones of the leg showing. norma 
roentgen alinement of the tibia and fibula; B, experimental torsion of 30 egrees, 
when the fibular head overlaps the tibial head while the malleoli are in ^ 
relationship, and C, experimental torsion of 90 degrees with the hea o 
bone in a conventional roentgen position showing overlapping of the ower p 
tions of the bones. 


conformit3^ The amount of overlapping of the distal poi tions o 
bones can be used to determine approximate^ the degree of e ^ 

Thus, if the shadow^ of the fibular malleolus covers half o tie 
expansion, a deformity of 45 degrees may be expected. 


DIFFERENTIAL DIAGNOSIS 

From the foregoing comment it must be apparent that 
ential diagnosis one must be careful not to confuse the con i loi 




Fig. 6. — Roentgenogram of a leg with medial torsion of 45 degrees, showing 
superimposition of malleolar shadows when the upper ends are conventionally 
placed. 


TREATMENT 

The therapeutic measures involved are rather obvious. External 
rotatory maneuvers are desirable, but should be limited to the leg proper. 
Repeated manipulations at frequent intervals to unwind the bones of 
the leg are thus of considerable assistance in early childhood. The 
bowleg brace described by Bradford and Lovett, which allows control of 
rotation of the limb through an extension above the hip, is valuable 
in somewhat older patients. The osteotomies, particularly those described 
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hy JVabotly.- will he I'ouiul necessary in adults and older children. It 
must i)e einjdiasi/.ed that the elevation of the inner border of the heel 
and sole in the child with Hatfoot resulting' from inward twisting, 
while beneficial to tlic alincnicnt of the foot, is not likely to assist in the 
recovery of the torsional deformity. .Any corrective measure which 
changes the weight-bearing surface of the shoes involves the undesirable 
factor of lo.ss of efficiency through the rather mobile ankle joint. As 
in the thcrapeusis of ordinary bowleg, the earlier treatment is began, 
the more easily correction of the deformitv is accomplished. 



Fig, 7. — Anteroposterior roentgenogram of tlie legs of the cin'ld in 
The overlapping shadows of the heads of the bones is to be noted, t wUn 
lower ends are in the usual alinenient. 


SUMMARY 

1. Attention is called to the existence of medial torsion of the leg 
of sufficient degree to be of clinical importance. 

2. The deformity is not necessarily rachitic in origin. Eiidence 
presented to indicate that it is of developmental origin, an ^ 
persists because of a developmental arrest, possibly e.xaggeiate } 
natal factors. 

H>eabody, C. W.: J. Bone & Joint Surg. 14:822 (Oct.) 1932. 
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3. Of the clinical manifestations, the more important are the toeing 
in and the waddling gait. The mechanics of this deformity afford a 
rational explanation for these symptoms. 

4. It is possible to recognize the deformit}- by the roentgenographic 
criteria enumerated, but measurement of the clinical torsion is best 
made by the simple instrument described. 

5. It is important to direct treatment to the leg rather than to the 
foot. 

Dr. Edwards A. Park permitted us to use the material of the Harriet Lane 
Home, and Dr. David Shelling and Miss Katherine Hopper assisted with the 
clinical examinations and measurements. 



SV>M PATHETIC GANGLIONS REMOVED SURGICALLY 


A IIISTOI’ATllOLOGIC STUDY 
ALBERT KUXTZ, Pii.D., M.D. 

ST. I.OL-IS 

'fhe results of .sympathetic ganglionectomy in the surgical treatment 
of disease in many cases strongly suggest that dysfunction of the auto- 
nomic nerves is a factor in the disease process in question. The basic 
causes of the autonomic dysfunction, however, are not as yet fully 
understood. Lesions of the autonomic ganglions and ganglion cells 
doubtless must he regarded as important factors in many cases, but 
our knowledge of these lesions and their functional significance is frag- 
mentary and incom])lete. 


REVIEW OE THE 'LITERATURE 

Most of the data available at present regarding lesions of the aiito- 
nomic ganglions and ganglion cells represent the results of histopat o 
logic studies of preparations of ganglions obtained at autopsy o owing 
death due to a wide variety of causes. The earlier studies of tns cia^ac 
ter, the results of which have been published, have been reMewe 
Stammler ^ (1923), who also reported the results of his o\w s u 
ganglions obtained at autopsy in a large senes of cases. n 
of this review and the results of his own studies, Stammler c 
that infectious disease usually is accompanied by pathologic ^ 
the autonomic ganglions and in many of the gang ion ce s. 
of acute infectious disease, the autonomic ganglions ^.gUs 

hyperemic and infiltrated with wandering cells and the ga S 
undergo degeneration in a greater or lesser 
cells are mainly lymphoc)Tes and mononuclear leu 'Oc> 
in large numbers in the perivascular lymphatics b The 

connective tissue and, in many instances, the gang stamm- 

earliest recognizable changes in the ganglion ce s, reduction 

ler, consist in enlargement of the nucleus and ,,so 

in the quantity of intranuclear chromatin. The ude If 

becomes thinner and less distinct, and / position in the 

the nucleus remains intact, it may maintain its normc p 


jm 


From the St. Louis University School of N„,cosi-slenis 

LSthmmler, M.: Zur P«l’» »P' Sr Ar eriosklerose, 

,esonder.„ uber seine BT=.un| for <I,e Entstehung 
!. path. Anat. u. z. aUg. Path. 71:388, 19-3. 
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cell or become displaced into an eccentric position. Later, it ma\ undeigo 
reduction in size and become pyknotic. In the latter condition, it also 
exhibits a more intense staining reaction than does the normal nucleus. 
The earliest reaction of the cytoplasm involves swelling and a reduction 
in the iirtensity of its staining reaction. With the reduction in the size 
of the nucleus, the cytoplasm also undergoes a reduction in volume. In 
^hany ganglion cells, the initial changes are followed by atrophy leading 
to necrosis. 

In cases of chronic infectious disease and other chronic pathologic 
states, particularly in older persons, as observed by most of the earlier 
investigators, the autonomic ganglions also exhibit a marked increase in 
the interstitial connective tissue. The chromidial content of many of 
the ganglion cells is diminished, and many of them contain melanotic 
pigment. The capsules of some of the ganglion cells also become thick- 
ened, and the capsule cells undergo proliferation. 

The results of Mogilnitzky’s - (1923, 1924 and 1927) studies on 
the histopathologic changes in the autonomic ganglions in cases of infec- 
tious disease in general corroborate those of Stammler. Both of the 
investigators pointed out that the lesions observed in the autonomic 
ganglions are nonspecific and probably bear no direct relationship to 
the etiology of the disease in question. 

The studies based on preparations of sympathetic ganglions removed 
surgically in the treatment of disease, the results of which have been 
published, also failed to reveal lesions in the ganglions or ganglion cells 
which could be regarded as directly related to the disease in question. 
In preparations of the cervical sympathetic ganglions remor'ed b}^ opera- 
tion in a limited series of cases of Raynaud’s disease and angina pectoris, 
Stammler" (1924) described changes comparable to those observed in 
preparations of the autonomic ganglions in cases of chronic infectious 
disease. Clark ^ (1927) also observed no histopathologic changes which 
could be correlated with angina pectoris in preparations of the superior 
cervical sympathetic ganglions removed by operation in seven cases of 
the disease. Craig and Kernohan " (1933), who receirtly reported their 

2. Mogilnitzky, B,; Die Veriinderungen der sympathischen Ganglien bei 
Infektionskrankheiten, Virchows Arch. f. path. Anat. 241:298, 1923: Die path- 
ologische Anatomic des vegetativen Nervensystems beim Recurrens, ibid. 248:137, 
1924; Die pathologische Anatomic des vegetativen Nervensvstems bei Malaria 
ibid. 263:839, 1927. 

3. Stammler, M.: Anatomische Befunde am sympathischen A'ervensystem ; 
t'asomotorische Neurosen, Deutsche med. Wchnschr. 50:457, 1924. 

4. Clark, S. L. : The Superior Cervical Sympathetic Ganglion in Angina 
Pectoris; a Microscopic Study, J. Lab. & Clin. Med. 13:101. 1927. 

5. Craig, \V. McK., and Kernohan. J. \V. ; The Surgical Removal and His- 

tologic Studies of Sympathetic Ganglia in Raynaud’s Disease. Thrombo-Angiitis 
Obliterans, Chronic Infectious .•\rthritis, and Scleroderma, Sure Gvnec & Obst 
56:767, 193.1. ’ ' ' 
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liiKlin.tis in preparations of t)ie .sympathetic ganglions removed by opera- 
tion in an extensive series of cases, including Raynaud’s disease, 
thronibo-aiigiitis obliterans, chronic infections arthritis and scleroderma, 
observed no significant histologic differences between the ganglions 
removed from patients with the various diseases and expressed the 
opinion that the changes prc.scnt do not deviate beyond the normal 
limits, and that most of them can be explained on the basis of advancing 


age. 

M.\TKRI.\n .AXD METHODS 

The pre.^ent i.s Iinscd on preparations of sympatJietic ganglions removed 

surgically from thirty patients, induditig nineteen with chronic polyarthritis, two 
with Raynaud’s disease, two with tlirombo-.angiitis obliterans, one with endarteritis, 
one witli sjiastic hemiplegia, one with progressive muscular dystrophr, one vith 
adeiiothyroto.sicosis, one with pruritus ani and pruritus vulvi and one with con 
genital "mcgacolon. The patient with congenital megacolon was 6, the one witi 
Spastic hemiplegia. 7, and the one with progressive muscular dystrophy, 11 years 
of age. The other.s ranged from IS to 69. Of these, twenty-two were patients o 
Dr. W. T. Coughlin and eight, patients of Dr. J. F. Clancy, to both ® 

indebted for the ganglions removed and the essential data containe in le 
reported here. 

All of the ganglions were fi.xed in formaldehyde. Host o 1 e prep 
used were stained with toluidiue blue and erythrosin; the rest, with cresy • 
In addition to the preparations of the ganglions remove m ^ 
ment of disease, preparations of human sympathetic gang ions o an 
and sympathetic ganglions obtained from normal annua s Vi-Ve 

comparative study. , . p„riier 

As has been pointed out in the review of the regard- 

investigators who studied human autonomic gang ions o an^^^ histologic 

less of the causes of death, in a great majority o degree. Our 

changes in the ganglions which they regarded as pat ° obtained at autopsy 

own studies of preparations of human autonomic gai g instance revealed 

following death due to a wide variety of causes m ions of the 

conditions which, in comparison with the conditions o ser\ 
ganglions of laboratory animals, cannot be regarded norma 
regarded as advantageous, therefore, to attempt to es a i gf’-pns of the sym- 

human material, with which to compare the findings m t p 

pathetic ganglion removed by operation. For the purp regarded 

autonomic ganglions of vigorous laboratory ® . j^jgined at autopsy, 

as more nearly normal than the available human material obtained 


HISTOPATHOLOGIC OBSERVATIONS ^ removed 

In the series under discussion, the preparations of o^Smal animals, 

urgically. as compared with preparations o h ganglions 
nth few exceptions, probably debated .^^,}rich have not bee 

ertain particulars. In most cases, they These change 

terved in prep.rations of fh« ° ’’tlor 

,„ied in in..n,i.y vvi.hin 
O the same categories; consequently, they 
he disease in question in any case. 
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Preparations of all oi the ganglions rcinovccl surgically in the scries exhibited 
infiltration in sonic degree of the interstitial connective tissue with wandering 
cells, mainly lymphocytes and mononuclear leukocytes. The preparations oi some 
of the ganglions, particularly those of the older patients, also exhibited hyper- 
plasia of the interstitial connective tissue. The wandering cells present in the 
interstitial connective tissue stood out proinineiitly in preparations of the ganglions 
by reason of the intense staining reaction of their nuclei (fig. \ B and C). In the 
preparations of some of the ganglions the cells were present in small numbers 
and occurred either in groups or widely scattered in the interstitial tissue. In 
those of other ganglions lymphocytes and mononuclear leukocytes were present 
in larger numbers throughout the interstitial tissue. In four cases, they were 
observed to be particularly abundant around some of the smaller blood vessels 
(fig. 2), where many of them lay within the perivascular lymphatics. 

In many instances cells apparently identical with the wandering cells in the 
interstitial tissue were present within the ganglion cell capsules. Some of these 



Fig. 1. — A, photomicrograph of a section of the sympathetic ganglion of a 
normal animal (cat) ; B, photomicrograph of a section of the cervical sj'mpathetic 
ganglion removed surgically from a patient, 11 years of age, with progressive 
muscular dystrophy, showing infiltration with wandering cells ; C, photomicrograph 
of a section of the lumbar sympathetic ganglion removed surgically from a patient 
with chronic polyarthritis, showing hyperplasia of the interstitial connective tissue 
and infiltration with wandering cells. 

probably were wandering cells which had invaded the capsules ; others probably 
arose owing to the proliferation of capsule cells. Some of the preparations also 
afforded evidence of proliferation of reticulo-endothelial cells in areas adjacent 
to the ganglion cell capsules. 

In the interstitial tissue the relatively large caliber of many of the capillaries 
and small veins, partially or completely filled with blood cells, suggested hyper- 
einia of the ganglions. This condition was possibly due in part to manipulation 
of the ganglion during the operative procedure. The fact, however, that sym- 
pathetic ganglions which were removed at autopsy and which e.xhibited evidence 
of chronic inflammation also were hyperemic favored the assumption that the 
hyperemia apparent in the ganglions in our series was related to other changes 
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III the gniiKlions. Not iiifrcc|vieiitly, aggregates of polymorphonuclear leukocytes 
appeared ,n contact witl, llie endothelhim of tlic vessels containing blood c'ells 

in some ut tlie cases, eosinophils made mi a relatively high percentage of the 
cells. 

Ill approximately one third of tiie cases some of the small arteries and veins 
III the ganglions exhibited marked thickening of the walls (fig. 3). The thickening 




Fig. 2. — Photomicrographs of sections of the sympathetic ganglions removed 
surgically from patients with chronic polyarthritis, showing aggregations of 
wandering cells around small blood vessels. 



Fig. 3. — Photomicrographs of sections of sympathetic ganglions 
gically from patients with chronic polyarthritis, showing thickening o 
of the small arteries. 


was brought about in part by hyperplasia of the cellular elements,^ u u^^<^ ,„any 
measure by hypertrophy of the fibrous elements. In some of t le 
of the smaller vessels, particularly small arteries and arterio es, a so 
proliferation of the endothelium lining the intima. In some ms anc 
white cells also were present in the vessel walls. 
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The changes in the ganglion cells inclnclcd swelling and shrinking of the 
nucleus and cytoplasin. increase and diminution in the chromatin content of the 
nucleus and in the chromidial substance in the cytoplasm, pigmentation, vacuola- 
tion, hyaline degeneration and destruction hy phagocytes. 

Nearly all of the preparations in the present scries contained some ganglion 
cells which were definitely swollen (fig. d). The cells were in some instances 
enlarged to two or three times their normal size. They were present in only 
small numbers, except in the more pathologic ganglions. For example, the prepa- 
rations of the ganglions of one of the patients with polyarthritis (arthritis 
deformans) exhibited swollen ganglion cells in large numbers. The preparations 
also exhibited numerous shrunken hypcrchromatic ganglion cells as well as gan- 
glion cells which had undergone no marked changes in volume but which contained 
a relatively meager supply of chromidial substance. The swelling and the shrunken 
hyperchromatic condition of the ganglion cells in this case were obviously not 
directly related to the arthritis, but were probably related to other pathologic 
processes, of which the record of this case affords evidence. In some of the 
swollen cells, the nucleus appeared abnormally large and vesicular and reacted 



F'S- 4. — Photomicrographs of sections of sympathetic ganglions removed sur- 
gically from patients more than 50 years of age with chronic polyarthritis, showing 
swollen ganglion cells. 


but lightly to the stain. In others, the nucleus was somewhat shrunken, slightly 
irregular in outline and reacted more or less intensely to the acid stain. The 
cytoplasmic body was so large that it completely filled the cell capsule, causing 
the latter to be considerably distended and reduced in thickness. Some of these 
swollen ganglion cells exhibited a narrow perinuclear zone in which there remained 
some chromidial substance, while the peripheral zone was devoid of this substance. 
Others exhibited only traces of chromidial substance in the cytoplasm. In the 
latter cells, the cytoplasm appeared finely granular and almost colorless. 

The preparations of all the ganglions in the series exhibited some ganglion 
cells which were definitely shrunken and hyperchromatic. This condition was 
illustrated by the more intensely stained ganglion cells in figs. 1 C and 2 B. The 
chromidial substance in the cytoplasm, although abundant, did not appear in dis- 
crete chromidial bodies but in fine granules or in solution. In erythrosin- 
toluidine blue preparations, the cytoplasm assumed a diffuse blue or reddish color, 
depending on the degree of change which had taken place. The nuclei of many 
of the ganglion cells in this condition reacted intensely to the acid stain ; those of 
others exhibited an excess of chromatin. Ganglion cells in this condition were 
present in relatively small numbers in the preparations of most of the ganglions. 
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Prcparatidiis of the gaiiRlions of several patic/its, however, exhibited shrunken 
hypercliromatic KanRlioii cells in relatively large numbers. Of these, one was a 
patient, aged 11 years, with progressive nuisciilar dystrophy: another, a patient 
d6 years of age. with paralysis agitans; another, the patient with arthritis 
deformans referred to earlier. The last patient was 32 years of age. The prepara- 
tions of the ganglions of this last patient also c.vhibited minierous swollen gan- 
glion cells. 

Prci)arations of all the ganglions in the present scries also exhibited some 
ganglion cells in which a portion of the cytoplasmic body was completely or almost 
completely devoid of chromidial substance and showed evidence of hyaline degen- 
eration. In most of the cells, the nucleus was situated in an eccentric position 
at the periphery of the hyaline area. In most of the preparations, ganglion cells in 
this condition were present in only small numbers. In others, particularly those 
in which shrunken hypcrchromatic ganglion cells were numerous, they were prejnt 
in considerable abundance. These preparations also exhibited ganglion ce s w 
probahlv represented intermediate stages between the shrunken hyperc ronia 
cells and those which showed frank hyaline degeneration. Ganglion cells wn 
seemed to be undergoing h.valiiie degeneration were particular \ a un an 
preparations of tlie ganglions of the patient ^v^th endarteritis. pa 
44 years of age and gave a history of alcoholism and addiction o r g • 

One of the most uniform deviations from the condition of the ' ^ , 

ganglion cells in preparations of the ganglions of norma ® 

the scries of preparations was a reduction m the size of t e ciromi 
in the quantity of the chromidial substances in the cy top , . j meager 
ganglions used in this study, the chromidial substance was 
hr the great majority of the ganglion cells. The the 

these cells existed in minute granules or m the form o c abundance, it 

cells in which the chromidial substance -jar to those present 

commonly e-xisted in the form of discrete chromidial bodies 

in the ganglion cells of normal animals. The ^ be concen- 

tributed more or less uniformly throughout the cy op , - 

trated mainly in either the perinuclear or the perip ^vhicb 

condition was most common in our preparations. 1 os afso Exhibited some 

contained little chromidial substance m the . jear chromatin, 

diminution in the size of the nucleus and in the quan i > of the gangh'on 

Accumulations of pigment granules in the °o-an"lions in the series, 

cells could be observed in the preparations of all tn . 
except those of the two youngest patients, w o ^\ere pig- 

respectively. In some of the was present in nearly 

mented, and most of these only slightly. In ^ “ j^n^eiited. The pigment 

all of the ganglion cells, many of them being heaMly P « 
existed i„ dart grande, of one,™, sir. I. *'(4*5 .d and «; 

were scattered m small aggregates throu^ ou periphery of the ce 

in others, they constituted heavy, dark masses 

body (fig- 5 C). , , u.anrvtic were present witbm 

As previously stated, cells .vhich probably were p J ganglions, these 

the capsules of some of the ganglion cells. In so ,„al) 

fe is were present in only a few of the f of the gaiighon 

others; in others, they were markedly thickened 

cells In many instances, the ganglion cell capsules 
S ,h= nnmb.;. of cell, lining fcn. iverc mercased. 
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Fig. 5. — Photomicrographs o£ sections of sympatfietic ganglions removed sur- 
gicalli’, showing pigmented ganglion cells. In A and B, the pigment granules are in 
small aggregates throughout the cytoplasm ; in C, they constitute heavy, dark masses 
near the periphery of the cell body. 




Fig, 7. — Photomicrographs of sections of sympathetic ganglions removed sur- 
gically, showing advanced neuronophagia. 
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The tliickciiiiiK of the capsule involved mainly its noncelliilar membranous 
jiorlioii ill contact with which the endothelial cells lining the capsule rested 
(fig. (i). The latter cells normally constituted a single layer. In some of the 
thickened cap.sule.s, the endothelial cells had increased in number, and some of them 
no longer lay in direct contact with the membranous layer of the capsule. Some of 
the cells within the capsules probably represented endothelial elements which had 
become seiiaratcd from the lining of the capsule; others, doubtless, had invaded 
the capsules from the interstitial tissue. The cells within a capsule graduall) 
encroached on the ganglion cell and apparently consumed its cytoplasm (fig. 7). 
This (ihenomenon could be observed in nearly all of the preparations in the 
series hut was most a[)[)arent in those of the ganglions of the older patients, n 
these ganglions, free cells were present within the capsules of a relatively large 
percentage of the ganglion cells. Most of the ganglion cells showed little destruc- 
tion of cytoplasm; others c.vhibited consumption of the major portion ot i. 
Ganglion cells in the latter condition also appeared necrotic. 


COMMENT 

The histopathologic clianges in the sympathetic ganglions and gan- 
glion cells already described fall into the same general as tpos 

described bv earlier investigators, particularly Staminler (19 
1924) and Mogilnitzky (1923 to 1927), in material obtained P > 
in cases of infectious disease and in ganglions of 

cases of Ravnaud’s disease and angina pectoris. le o 

Craig and Kernohan (1933) in the most Sso fall 

ganglions removed surgically which has been avai a e o -u^iwes 

hito these categories, but these investigators 
observed as within the limits of normal variation. In "P^ 
observations with those of the earlier investigators a iCc ^.j-iterion 
those set forth in this paper, it is significant to by them 

of the normal histologic structure of sympathetic ga g autopsy in 

is based on a study of sympathetic ganglions ‘^ 3 / Although 

forty consecutive cases follorving death due to various c 
none of these patients had suffered from any 0 no cogni- 

which ganglionectomy had been done in their • changes in 

^ance seems to have been taken of possible 

the ganglions which might be correlated with « wider 

A norm established in this manner obviously normal 

range of variation than one based on a study o & 

animals. enarations conformed 

The histologic changes in many of my F P ‘ ^ preparations 
closely to those described by Craig and ,,, 3 „ges which 

of some of the ganglions in the senes, changes described 

seem to be more marked than were the corr p connective 

by these two investigators. For example bicoid 

tissue was so abundant in some of the ganglions that 



Kl'KrZ— SYMPATHETIC GANGUOSECTOMY 


929 


the conclvision that hyperplasia of this tissue had taken place, ^^'ander- 
ing cells also were present in greater alnindance througliout the inter- 
stitial tissue in some of the ganglions in my series than was indicated 
by the account of Craig and Kernohan. In the ganglions of four patients 
in the series, as already stated, these cells were particularly alnmdant 
around small blood vessels. Like some of the earlier investigators, par- 
ticularly Stammler (1923), I regarded these phenomena as indicative of 
chronic inflammation of the ganglions in which they were present. 

Some of m}' preparations also exhibited more extensive destruction 
of ganglioir cells in the presence of free cells within the ganglion cell 
capsules than is indicated by the account of Craig and Kernohan. 
Although they observed indentations in ganglion cells in the presence 
of free cells within the capsules, they did not regard this as indicative 
of phagocytosis, since debris having an affinity for silver could not be 
demonstrated in the intracapsular cells. In view of the extensive destruc- 
tion of ganglion cells, in the presence of free intracapsular elements, 
which I observed in some of my preparations, I assumed that some at 
least of the free cells within the ganglion cell capsules were phagocytes. 
This also was in agreement with the interpretation of Spiegel and 
Adolf® (1922), who reported extensive destruction of sympathetic 
ganglion cells by the phagocytic action of free cells within the ganglion 
cell capsules. According to their observations, neuronophagia may be 
brought about both by phagocytes which invade the ganglion cell cap- 
sules and by cells derived from the endothelium lining the capsules. 

The functional significance of the changes in the sympathetic gan- 
glions and ganglion cells described is as yet not fully known. That 
changes in the volume ratios of the nucleus and the cytoplasm of nerve 
cells and changes in the quantity of chromidial substance in their cyto- 
plasm are correlated with cell activity, however, has been demonstrated 
experimentally. In an extensive study of the cytologic changes brought 
about in the Purkinje cells in the cerebellum, in experimental animals 
subjected to continued stimulation, Dolley" (1911) described an orderly 
sequence of change involving the nucleus-plasma ratio and the chromi- 
dial substance. The initial response of these cells to stimulation, accord- 
ing to Dolley, was an increase in size and increased production of 
chromidial substance, so that the cells became hyperchromatic. Follow- 
ing this phase, the cells began to shrink and the hyperchromatism 
receded, but the nuclei showed evidence of edema, and the nucleus- 
plasma ratio was shifted in favor of the nucleus. As the chromidial 

6. Spiegel, E. .A,., and Adolf, if.: Die Ganglien des Grenzstranges, Arb. a. 
d. ncurol. Inst. a. d. Wien Univ. 23:67, 1922, 

7. Dolley. D. H.; Studies on the Recuperation of Nerve Cells .After Func- 
tional .Activity from Youth to Senility, T. AI. Research 24:309, 1911. 
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substance was diminished beyond the normal level for the resting cell, 
secondaiy restoration of tins substance set in. At first it was piled up 
about tl)c nuclear niembrane and then displaced toward the periphery. 
I'oIIowinp; this phase, diminution of the chromidial substance again set 
in and continued until little chromidial substance or none remained 
ajiparent in the cytoplasm. The nucleus also appeared to be almost 
entirely devoid of chromatin. During this phase, the nucleus shrank, 
and the nucleus-plasma ratio was shifted in favor of the cytoplasm. 

Studies of the efiects of stimulation on the autonomic ganglion cells 
comparable to those of Dolley on the effects of stimulation of the Pur- 
kinje cells were not available. Some significant data hearing on the 
effects of stimulation on the ganglion cells of the celiac plexus, however, 
were at hand. A sequence of change in the chromidial substance and 
the nucleus-])lasma ratio in these cells in the albino rat, which, in the 
main, paralleled that described by Dolley in the Purkinje cells, particu- 
larly in the dog, was described by Bradshaw ® (1930) following exposure 
of the animals to roentgen rays and by IngersolP (1934) following 
stimulation of the abdominal viscera. 

On the basis of studies of preparations of the celiac ganglions of 
normal rats at rest, both Bradshaw and IngersoU classified the ganglion 
cells in three groups according to the quantity and distribution of the 
chromidial substance in the cytoplasm and the nucleus-plasma ratio. 
The cells of group I possess an abundant supply of chromidial substance 
which is distributed more or less uniformly throughout the cytoplasm. 
The great majority of the ganglion cells in the preparations of the 
ganglions of normal rats fall into this group. The cells of group H 
are, on the average, somewhat smaller than those of group I and pos 
sess less chromidial substance, which usually is distributed maiub' 
the perinuclear or the peripheral zone. Onty a small percentage of t le 
ganglion cells fall into this group. The cells of group HI are, on 
average, somewhat smaller than those of group II and possess sti ess 
chromidial substance. Some are almost devoid of this substance an 
exhibit only a little chromatin in the nucleus. This group is represen ^ 
by only a few cells in the ganglions of the normal resting anima s. 
differential counting of the cells in the several groups in 
of the celiac ganglions from normal resting animals and from 
which had been subjected to the means of stimulation alrea ^ 
both Bradshaw and IngersoU were able to demonstrate 
decrease in the percentage of tlie ganglion cells in group I an 3” m 
in the percentage of those in groups II and III as the dura ion 
intensity of the stimulation was increased. 


8. Bradshaw, V.: Unpublished thesis, 1930. 

9. IngersoU, E. H.: The Effect^ of Stimulation upon the 
Cells of the Albino Rat, J. Comp. Neurol. 59:267 (April) 19A, 


Coeliac Ganphon 
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According to Ingersoll, the initial response of the celiac ganglion 
cells to stimulation seems to be the increased production of chromidial 
substance, which results in hyperchromatism and slight enlargement of 
the cells. After this, the chromidial substance is diminished until it 
approaches the normal level and the cell undergoes some reduction in 
size, with a shifting of the nucleus-plasma ratio in favor of the nucleus. 
If stimulation is continued, the chromidial substance undergoes further 
diminution until the cytoplasm is practically devoid of this substance. 
Having given up most of its chromatin, the nucleus also appears pale 
and vesicular. These observations support the assumption that chro- 
midial substance is produced and consumed during the activity of the 
ganglion cells. During the early phases of activity, its production 
exceeds its consumption and the result is hyperchromatism. During 
the later phases, chromidial substance is consumed more rapidly than it 
is produced and its supply gradually becomes depleted. 

In view of these experimental data, which indicate that prolonged 
ganglion cell activity results in diminution in the amount of chromidial 
substance in these cells, the assumption seems to be warranted that the 
meager supply of chromidial substance present in the majority of the 
ganglion cells in most of the preparations in my series indicated over- 
stimulation. In most of the patients in question, hyperactivity of the 
sympathetic ganglion cells also was indicated by the secretory activity 
of the sweat glands of the cold extremities and the hypertonus of the 
musculature of the peripheral blood vessels which, before operation, 
resulted in diminution of the blood supply to the extremities. 

In some of the cases in the series the abundant infiltration of the 
interstitial tissue in the ganglions with wandering cells, probably lympho- 
cytes and mononuclear leukocytes, strongly suggested the existence of 
a chronic inflammatory process in the ganglions, which might be regarded 
as a stimulating factor. On the other hand, in diseases such as chronic 
polyarthritis, it is unnecessary to assume that the hyperactivity^ of the 
sympathetic ganglion cells is due to stimulation which arises within 
the ganglions. The sweat secretory activity and the vasoconstriction 
in the extremities could be accounted for on the basis of reflex responses 
through the sympathetic nerves to stimulation of sensory end-organs 
in the vicinity of the inflamed joints. The afferent impulses in question 
reach the spinal cord via somatic afferent fibers where they activate 
preganglionic neurons through the usual somatovisceral reflex connec- 
tions. The vasoconstriction in the extremity brought about in this 
manner in turn doubtless aggravates the inflammatory processes in the 
vicinity of the joints. It also is conceivable that the peripheral sweat 
secretory and vasoconstrictor neurons may become hvperactive by reason 
of medulliadrenal hyperactivity, hyperirritability of’the visceral centers 
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in llic central nervous system or inflammation of tlie sympathetic gan- 
glions resulting from intoxications or infectious processes not primarily 
associated witli the joints. 

Patients with certain vasomotor neuroses, e. g., Raynaud's disease, 
exhibit a more or less constant liypertonus of the arteries, particularly 
the arterioles of the extremities, in the absence of apparent peripheral 
inflammation, and this is aggravated by subjection of the extremities 
to low external temperature. In cases of this sort the liypertonus of 
the ] 5 cri])heral arteries indicates hyperactivity of the sympathetic neurons 
supplying the extremities or of the corresponding visceral centeis in 
the central neiu'ous system. The A'asoconstrictor hypeiacti\ity, legaid 
less of Avhether it is a causative factor in the disease process in question 
or merely' an accompaniment of the disease, may play an important idle 
in the course and sequelae of the disease, particularly by leason o 
effect on the blood pressure and the distribution of the blood volume 


in the body. _ i il f 

As previously stated, many of the ganglion cells in near y a o 

the ganglions in the series under discussion contain ' 

According to Dolley (1917) and Dolley apd Guthrie (19 8 , 

experimental animals the accumulation of pigment m .j 

always associated with chronic functional depression The^e ^ 

gators were unable to produce pigmentation in nerve ce s y ‘ . 

hanging from normal activity to functional senility. T - - ^lo 

of pigment in the autonomic ganglion cells in man 

explained most satisfactorily on the assumption that i® ^ assumption, 

functional depression of the ganglion cells. In spite o u ‘ 

however, the presence of pigment m many of the gang ion 

of the ganglions in the present series is not — ^ 

that other changes m the ganglions are associa stance, 

of the ganglion cells. Melanotic pigment is a ^ 

which, having been deposited in ganglion cells, ma) j need 

nitely'. A moderate amount of pigment m gang ion 

not be regarded as indicative of the functional i„ 

probably indicates only a previous state of_ funct 1 ^^^1 

general, it may be stated that the accumulation of pig 

nomic ganglion cells increases with advancing ,.oi,ng 

however, heavily pigmented ganglion ce Is have ^ probably 

individuals. Ganglion cells heavily laden with pigment 

. * f! rt Ptirkinjc Cells nnd 

10. Dolley, D. H.; The Recovery irom Histogenesis of 

the Decline of Senilitv of Depression; with the me 

ktoLat Pigmentation,;, comp. Nenr^^^^^^ ,, Cells. 

11. Dolley, D. H.. and Guthrie, F. ine b 

J. M. Research 34:123, 1918. 
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deficient in cfivomidiul sufistnnee. Some of tUese doubtless icpic- 
sent cells which are no longer functional. 

The shrunken hyperchromatic ganglion cells present in my prcjmra- 
tions conformed very closely in cytologic structure to Dolley’s (1913) 
description of hyperchromatic neurons in the central nervous system, 
particularly Purkinje cells in the cerebellum, in a state of physiologic 
depression. The lighter staining ganglion cells in my preparations which 
exhibited hyaline changes in the cytoplasm also conformed more or less 
closely, in cytologic structure, to Dolley’s description of physiologically 
depressed hypochromatic Purkinje cells. According to Dolley's obser- 
vations physiologic depression of the nerve cells results, in cessation of 
the production of chromidial substance in the c 3 'toplasm, accumulation 
of chromatin in the nucleus and a shift in the nucleus-plasma ratio in 
favor of the nucleus. If the neuron contains an abundance or an excess 
of chromidial substance when depression sets in, discrete chromidial 
granules become less and less apparent, and the acid-staining elements 
of the cytoplasm become more and more evident. Tbe chromidial sub- 
stance in the cytoplasm gradually is consumed, and that which remains 
becomes finely granular or goes into solution. In erythrosin-toluidine- 
blue preparations, the cytoplasm assumes a diffuse blue or reddish color, 
depending on the degree of change, and, particularly in the later phases 
of depression, a h 3 'aline appearance. If the neuron contains only a 
meager supply of chromidial substance when physiologic depression sets 
in, the cytoplasm may assume a hyaline appearance without tbe intense 
staining reaction. 

In view of the cytologic resemblance of the shrunken h 3 'perchromatic 
ganglion cells and many of the lighter-staining ganglion cells showing 
evidence of hyalinization of the cytoplasm in m 3 ' preparations to 
neurons of experimental animals known to be in a state of ph 3 'siologic 
depression, it seems not improbable that the changes referred to in these 
cells were indicative of physiologic depression. As previously stated, 
ganglion cells exhibiting these changes were present in onty small num- 
bers in most of my preparations, whereas the majorit 3 ' of ganglion cells 
present afforded evidence of overstimulation. Shrunken hyperchromatic 
ganglion cells also may be observed in preparations of the sympathetic 
ganglions of normal animals (cats). The presence of physiologically 
depressed ganglion cells in small numbers in the sympathetic ganglions 
should therefore probably not be regarded as indicative of the functional 
state of tbe sympathetic nerves. 

Certain substances, e. g.. toxins, which in dilute solutions stimulate 
ganglion cells, in less dilute solutions depress these cells. It is therefore 

12. Dolley, D. H.t The Morphology of Functional Depression in Kerve Cells 
and Its Significance for the Normal and Abnormal Phvsioloto- of the Cell T 
M. ■Rc.scarch 29:65. 1913. ' ’ 
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not inconceivable that some ganglion cells, nncler appropriate conditions, 
may be de])rcssecl by the agents responsible for the stimulation of tk 
majority of the ganglion cells in the same ganglions. 

The existence in relatively large numbers of ganglion ce s w nci 
exhibited evidence of physiologic depression in the ^ ^ 

ganglions of certain patients in the present series strongly siigges 
nhvsiolo"ic depression of sympathetic ganglion cells was related 
diseases in question, in these cases, or to other pathologic process 
p^ It was doubtless significant that of the patients with Kay- 
naud’s disease and chronic pokartliritis, i. e., diseases 
peripheral vascular hypertonus and other mam festa i^^i 
hyperactivity, e.g., hyperhidrosis, are ” np-lion cells show- 

preparations of the ganglions of The case 

ing evidence of physiologic depression in arge existence 

record of this patient also afforded evidence of 

of melanotic pigment in many of t le gang ^ physiologic 
of numerous gmiglion cells showing 

depression in the ganglions of the patien , ^ su^rf^ested, in the 

who had progressive muscular dystropry. ® ^ . cmiditions, that 

absence of a record of other significant was 

physiologic depression of of numerous ganglion 

related to the disease m questioi . -p.cion in the ganglions of 

cells showing evidence of physio ogic p,,e conclusion that 

the patient with paralysis agitans does n c ' ^ disease, 

physiologic depression ^pathetic 

since this patient gave a history f rnreoarations of whose gan- 
i„g sickness. The patient with endarter P 

glions exhibited many ganglion cells « [ alcoholism and 

Septession, as ptevionsly slated, f “ ^ f ‘ Toje depression of the 
addiction to drugs. The S in this case, the«- 

7J, is unwarranted. Regardless t^isease pmecss » 

logic depression of sympathetic „an„ histopathologic picture o 

certain cases in the present “X disease 

the ganglions could not be regarded as specin 

in any of these cases. swollen ganglion cells as 

It seems not improbable that in the present 

well as those which underwent {,,nctional. These, howe^e - 

series of preparations had total number of gangho" • 

constituted only a small percen ^ • „iiy insignificant. 
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TCizavdcd as specific fov Uic disease in <iucstiiin in any caM-. I lie ease 
records of iiiost of the iKitients in our series also indicated tlie existence 
of patlioloiiic conditions not directly related to tlie <lisease in ijneslioii, 
either ]irecedini; the latter or coincident with it. 'riie changes ohserved 
in the preparations of the ijaiii^lions. therefore, at least in sonic, of the 
cases, doubtless were associated with other ]iatholo,uic conditions, as 
well as with the disease for which synipathectomy was carried out. 


As the histopathologic changes ohserved in most of the syniiiathetic gan- 
glions in our series are indicative of hyperactivity of the ganglion cells, 
luiwcver, it seems not iniprohahle that these changes and the associtited 
autonomic dysfunction jilayed a role in the disease processes in finestion. 
at least in those cases in which vasoconstriction w:is a factor in the. 
disease. Possibly, physiologic depression of sympathetic ganglion cells, 
in those cases in which it is evident in a large percentage of the ganglion 
cells, also jilayed a role in the disease jirocess in t|ncstion. 


SUMMAKV 

.Ml of the preparations of cervical ami lumbar sympathetic ganglions 
removed surgically from thirty patients exhibited histologic changes 
which probably deviated from the range of normal variations. These 
changes included infiltration of the interstitial tissue with wandering 
cells, mainly lymphocytes and mononuclear leukocytes, the presence of 
free cells within the capsules of many of the ganglion cells, ncurono- 
phagia of some of the ganglion cells, diminution of the chromidial .sub- 
stance in the cytoplasm of a large percentage of the ganglion cells, 
deposition of melanotic pigment in a variable ]iercentage. marked edema 
of a small number and, in some cases, hyaline degeneration and vacuo- 
lation of ganglion cells. 

The presence of wandering cells in large numbers in the interstitial 
tissue in some cases was regarded as evidence of chronic inflammation 
in the ganglions, which probably' affected the functional state of the 
ganglion cells. The diminution of the chromidial substance in the 
ganglion cells probably was associated with hyperactivity of these cells. 
The presence of a moderate amount of pigment in ganglion cells was 
not regarded as indicative of the functional state of the cells ; it probably 
indicated a previous state of physiologic depression. Marked shrinkage 
of hyperchromatic ganglion cells, disintegration of the chromidial bodies 
and hyaline changes in the cytoplasm were regarded as indicative of 
physiologic depression of the cells. 

The changes observed in the ganglions in individual cases were not 
specific and could not be related directly to the disease in question. 
The functional states of the ganglion cells with which these changes 
were associated, however, probably played a role in the disease process. 



LOCAL ATROPHY OF BONE 

I. EFFECT OF IMMOlUUZATJON AKD OF OPERATIVE PROCEDURES 


J. ALBERT KEY, iM.D. 
st; LOUIS 

FREDERICK FISCHER, M.D. 

OETROtT 

ASD 

EUGENE ELZINGA, M.D. 

FLINT, MICH. 

Fractures and operative procedures which are followed by prolonged 
immobilization of an extremity lead to a variable degree of atiopb} o 
the bones of the extremity. This atrophy may be an impoitant actor 
in the prolonged disability which often follows such injuiies oi 
tions. The observations recorded in this paper weie made in an ^ 
to determine whether or not atrophy of the bones will occur i a noiina 
extremity is immobilized and whether the atrophy which follows trac- 
tures and operations is due to the ininiobilization oi is due to t le ^ J 
and changes in the circulation incident to the healing of the injui). 

The various types of general and local atrophy and resorption ot t„ 
bones have been considered elsewhere.^ For the maintenance o ‘ 
structure of the bones it is necessary that an animal consume 
an adequate diet and that the bone be subjected to norma 
diet or abnormal metabolism leads to geneial atiopiy o le 

disuse leads to local atrophy. , rlisuse’' 

In spite of the general acceptance of the term a roi } 

as applied to bone, the knowledge of the occurrence » 
extremities which have been immobilized rests on ^e ) Parr" and 

This subject was studied in laboratory animals by a ^ 
by Allison and Brooks.^’ In most of their experiments the d.sus ^ 

From the Department of Surgery of the 
Medicine and the Shriners’ Hospital for Crippled Children ^ , 5 . 949 , 
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obtained by seclioninp; the nerves to the extremity. In the light of 
theories that atrophy of the bones is caused by increased circulation 
(Pomnier ■* and Leriche and Policard ■') a limb which has heen paralyzed 
bv section of the nerves cannot be considered normal. Mowever. Grey 
and Carr immobilized one extremity of each of two rabbits in a jdaslcr 
of paris cast, and Allison and Brooks immobilized one extremity of each 
of four dogs in a plaster of paris cast. In each instance the hones of the 
immobilized extremitv became atrophic, d he observers concluded that 
the changes which occurred in the hone were practically the same as 
those which occurred in the paralyzed limbs, and that it made no differ- 
ence whether the disuse was cau.sed hy plaster casts or by section of the 
.motor nerves to the part. 

The lack of definite observations on the occurrence of atrophy of 
the bones in normal e.xtremities is perhaps one reason why the atroph}' 
which occurs after fractures and operations on the extremities is often 
ascribed to the injury or operation rather than to the lack of use. The 
same is true of the atrophy which occurs in limbs in which tuberculosis 
or some other chronic disease exists. Is the atrophy of the hones due to 
the disease itself, to hyperemia induced by the disease or to lack of use? 

EXPERIMEXTAL WORK 

In an attempt to answer the question as to whether or not immobilization in a 
plaster cast will cause atrophy of the bones in a normal e.xtreniity in a human 
being, we selected ten patients who were in the hospital for some condition of the 
upper extremities and who had normal lower e.xtremities. With the patients’ 
consent we applied comfortable plaster of paris casts to both lower e.xtremities. 
The casts were bivalved and were strapped on. As we were using these patients 
to determine the effects of various forms of physical therapy on atrophy of the 
bone, the casts were removed twice a day while one limb was subjected to baking 
or massage or exercise. The routine was continued for from four to six weeks. 

The presence of and the degree of atrophy were determined by studying roent- 
genograms of the feet. Lateral roentgenograms of each foot were made at the 
beginning of the experiment and again at the end of the period of immobilization. 
In order that the roentgenograms might give a true picture of the changes which 
occurred in the bones the length of the exposure, the position of the foot and the 
distance of the tube were kept as uniform as possible. The uniformity of the roent- 
genograms was further controlled by noting the density of the shadow cast by 
the soft tissues. We assumed that the density of the soft tissues did not change 
perceptibly during the period of immobilization, and we discarded those roentgeno- 
grams in which the shadows of the soft tissues were not approximately the same 
as those in the controls of the same foot taken before the period of immobilization. 

Comparison of the roentgenograms showed that at the end of six weeks definite 
atrophy of the bones had occurred in the normal feet which had been immobilized. 

4. Pommer, G. : Origin and Diagnostic Significance of Osteoporosis Arch f 
klin. Chir. 136:1, 1925. 

5. Leriche. R., and Policard, A.: Physiology of Bone, translated by Moore 
Sherwood, and Key, J. A., St. Louis, C. V. Mosby Company, 1928, p. 81. 
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Fig. 1 (R. M.). Jiie left foot; before immobilization, and, B, after eight 
weeks of immobilization in a plaster of paris cast. 


• ^ • 


Fig. 2 (R. M.). — The right foot: A, before immobilization, and, F, ‘"i 
Hoke operation and eight weeks of immobilization in a plaster of paris cast, 
control foot is shown in figure 1. 
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This atrupiiy was evidenced i)y a diffuse rarefaction of all the hones of the foot 
and the lower ends of tlie tibia and fibula wliicli were included iu the rociUgcno- 
grains. As a result of the rarefaction the shadows cast by the bones were less 
dense and the trabeculae stood out more clearly in the roeulgcnograins made at 
the end of the period of immobilization. This change was most clearly visible in 
the os calcis, astragalus, scaphoid and cuboid bones. 

Having determined that atrophy of the bones docs occur in normal extremities 
which are immobilized, and having obtained a fair idea of the amount of change 
to be expected, we selected forty patients who were to be subjected to various 
types of operation on the lower extremities and obtained lateral roentgenograms of 
the feet before operation and at periods of from four to twelve weeks after opera- 
tion. In several instances in which one foot was normal, we examined this foot 
roentgenologically before the operation, immobilized it in a plaster cast and studied 
it again by roentgen ray at the end of the period of observation. Thus we had a 
normal control on the same person. In other instances we used as controls the 
normal feet referred to in the preceding paragraph. 

The majority of the patients had stabilizing operations on the feet, but osteot- 
omies for the correction of deformities, manipulations for clubfoot, arthrodeses of 
the hip or knee and operations on the soft tissues were included in the series. 

Studies of the roentgenograms of the extremities operated on revealed definite 
atrophy in the bones of the feet. This could be detected in the roentgenograms 
taken four weeks after operation, but was more marked in those taken after ten 
or twelve weeks. In the postoperative roentgenograms of feet which had been 
immobilized for twelve weeks the trabeculae were smaller in diameter and less 
numerous than in the preoperative roentgenograms of the same feet. It thus 
appears that many trabeculae may be resorbed within the -short space of three 
months. However, comparison of the roentgenograms of the feet of the extremities 
on which operation had been done with those of normal extremities which had 
been immobilized in plaster of paris casts over the same period of time led to the 
conclusion that there was appro.ximately the same amount of atrophy in each. In 
other words, the atrophy of the bones was caused by the immobilization, and the 
operations on the bones or soft tissues of the extremity did not appreciably alter 
the rate or degree of the atrophy. 

There was one exception. This occurred in a boy who had an osteotomy at 
the knee for the correction of a flexion deformity which had been caused by septic 
arthritis. Pyogenic infection appeared in the wound after the operation and an 
abscess and considerable fever developed. In this case the atrophy of the bones in 
the left foot (on which the operation was done) was definitely more pronounced 
than it was in the right (normal) foot. This one case indicates that the presence 
of an acute pyogenic infection may accelerate the resorption of the bones in that 
e.xtremity as compared with that which occurs in the normal e.xtremity which is 
immobilized but is not infected. 

In several of the extremities on which an operation was done a variable amount 
of atrophy was present in the bones of the foot before the operation. In these the 
final roentgenograms showed an increase in the atrophy. The increase was propor- 
tional to the period of immobilization, and appeared to be independent of the state 
of the bone when the immobilization was started. Thus, atrophy of disuse is a 
progressive phenomenon, and when an extremity in which the bones are atrophic is 
immobilized there is a further resorption of the bones of this extremity. 

In addition to the observation of atrophy of the bones in older children, we 
studied roentgenograms of the feet of younger children taken before and after 
immobilization, and found that the immobilization with or without surgical inter- 



Fig. 3 (L. C.).— The right foot: A, before immobilization, and, B, after ten 
eeks of immobilization in a plaster of pan's cast. 
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Fi- 4 (L. O— The left foot: A, aHs cast. The opcr- 

at the\-nee and ten weeks of ^ '„ore pronounced in this K>^-t 

ative wound became infected. The bone atrophj is mo 
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vciition or mauipulation of the foot caused atrophy of the hones just as it did in 
older children. We were interested to note, however, that the later roentgeno- 
grams of the feet of the younger children showed a definite increase in the size of 
some of the centers of ossification in tlie hones of the tarsus, and in some instances 
new centers of ossification appeared. It is thus evident that formation of new bone 
may proceed in an extremity simultaneously with progressive resorption. In the 
older children, as a rule, no difference could be detected in the size of the bones, 
but in certain instances the apophysis of the os calcis was definitely larger in the 
later roentgenograms with atrophy than it was in the preoperative roentgenograms 
before the atrophy began. We have made no observations on the rate of growth 
of bone during the period of immobilization, but the clinical observation that the 
bones of a limb which had been subjected to a long period of disuse during the 
period of growth are apt to be shorter and smaller than those in the opposite limb 
indicates that lack of use tends to decrease the rate of growth in the bones of an 
extremity, but does not completely arrest growth. 

COMMENT 

It may be objected that the immobilization of a limb in a plaster of 
paris cast has a definite effect on the circulation in the extremity and 
that any change which occurs in the limb cannot be attributed merely 
to the lack of use, but is more likely the result of a change in the circu- 
lation of the part. It is true that the circulation in a limb which is 
immobilized in a plaster cast is not normal. But we have no reason to 
believe that the circulatory change is due to the cast. It is probably due 
to the lack of use of the muscles of the part and to tlie lack of normal 
strain of bearing weight. Furthermore, there is no evidence to indicate 
that this change in the circulation is the cause of the atrophy of the 
bones. If the atrophy were due to circulatory changes the atrophy 
would be more marked in extremities which have been subjected to 
accidental or to operative trauma, with resultant marked changes in the 
circulation. Since we have shown that practically the same degree of 
atrophy occurs in the bones of extremities in which surgical intervention 
has occurred as in normal extremities which are immobilized, we believe 
that the atrophy exhibited in our cases was due to the lack of use and 
that it was not due to any increase or decrease of the circulation. 

However, we do not ignore or attempt to explain the acute atrophy 
of the bones which may occur after an injury. This acute traumatic 
atroph}' of Sudeck has not been produced experimentally and its mech- 
anism is unknown. It may be due to local circulatory changes which are 
more marked than those which occur after an operation, but it is more 
reasonable to believe that the acute atrophy of the bones which occa- 
sionally follows an injury and which usually occurs in the vicinity of 
an infection is due to some chemical alteration in the fluids of the tissues 
in the involved area. 
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CONCLUSIONS 

1. Iininobilization of an exfreinit}" leads to atrophy of the bones of 
this extremity. 

2. Tiiis atrophy can be detected in roentgenograms taken four weeks 
after the immobilization began. 

3. The atropliy is progressive, and if an extremity with atrophic 
bones is immobilized, further atrophy of these bones may be expected. 

4. Operative or accidental trauma does not appreciably increase the 
atrophy incident to the immobilization. 

5. The presence of a pyogenic infection in the extremity appears to 
increase the local atropln' of the bones. 

6. The growth and formation of new bone may occur simultaneously 
with local atrophy of a given bone. 



LOCAL ATROPHY OF BONE 

n. KFFKCT OF LOCAL IIFAT, MASSACAi AND TllF.UAVI.Vj'lIC LXLUCISL 


J. ALBERT KEY, M.D. 

ST. LOUIS 

EUGENE ELZINGA, M.D. 

FLINT, MICII. 

AND 

FREDERICK FISCHER, M.D. 

DETROIT 

During the past fifteen years physical therapy has assumed an impor- 
tant place in the armamentarium of physicians, and large amounts of 
time and money are expended in administering various forms of phj'sical 
therap3' to patients who are ill or who are convalescing from disease or 
from accidental or operative injuries. Naturally a considerable literature 
has accumulated on the subject, but the observations are largely clinical 
and are not carefully controlled. Consecpiently, the beneficial effects 
claimed for various physical therapeutic procedures cannot be accepted 
without reservations, because due allowance must be made for the 
enthusiasm of the physician and for the desire of the patient to get 'well, 
while little credit is given to the natural tendency of the injured tissues 
to heal and resume their normal functions. 

As a matter of fact, a large percentage of the physical therapy which 
is used today is prescribed and administered empirically. This is par- 
ticularly true of the baking, massage and exercises which are regarded 
by many as the sine qua non for the efficient care of patients who have 
suffered injuries of the bones or joints or who have been subjected to 
orthopedic operations. This empiricism is due to the lack of carefully 
controlled experimental work, and the lack of experimental work is due 
to the fact that administration of physical therapy to laborator}' animals 
is laborious and estimation of the results is difficult, while the oppor- 
tunity for making adequately controlled observations on patients does 
not often present itself. 

The extensive studies of Hartman, Blatz and Kilborn are a notable 
exception. These ol^servers showed that massage and active contractions 

From the Department of Surgery of the Washington University School of 
^fedicine and the Shriners’ Hospital for Crippled Children, St. Louis. 

1. Hartman, F. A. ; Blatz, W. E., and Kilborn, L. G. ; Studies in the Regen- 
eration of Denervated Mammalian Muscle: II. Effect of Massage, J. Physiol. 53: 
108, 1919; HI. Effects of Massage and Electrical Treatment, ibid. 53:290, 1919; 
IV. Effects of Massage and Electrical Treatment in Secondary Sutures ibid’ 
54:392, 1920. 



Fig. 1 (P. T.).— Tlie left foot: A, before immobilization, and, B, after six 
weeks of immobilization in a plaster of paris cast. 
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Fig. 2 (P. T.^-The right foot: A, before ^ 0 ^” and 

weeks of immobilization in a plaster of pans cas . control is sliown in 

saged twice a day during the period of immobilization. The control 

figure 1. 




~ , I after 

Fig. 3 (J. D.).-The right foot: ^^^S^ca^r Tte 
weeks of immobilization in a plaster oi pans ens 
twice a day during the period of immobilization. 
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ot the muscles inducctl by a slow surging galvanic current had no bene- 
ficial effect on the solcus, gastrocnemius and plantaris muscles of rablhts 
which had been paralyzed by cutting the sciatic nerves. 

We shall attempt to evaluate the effects of heat, massage and thera- 
peutic exercise on bones in which local atrophy was being induced by 



Fig. 4 (A. R.). — The left foot; A, before immobilization, and B, after six 
weeks of immobilization in a plaster of paris cast. 



Fig. S (A. R). — The right foot: A, before immobilization, and, D, after six 
weeks of immobilization in a plaster of paris cast. This foot was exercised twice 
a day dvwing the period of immobilization. The control is shown in figure 4. 


disuse, and in a later paper we hope to evaluate the effects of the same 
procedures on normal muscles which are being rendered atrophic by 
disuse. Having established the facts that if the normal lower extremity 
of a child from 10 to 12 years of age is immobilized in a plaster of Paris 
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cast for a period of from four to twelve weeks, the bones of the 
immobilized foot will become atrophic, and that this atrophy will pro- 
gress at such a rate that it can be delected in roentgenograms of the foot 
taken four weeks after the beginning of the immobilization, we were 
in a position to studj^ the effect of massage, local heat and therapeutic 
exercise on bone. Consequentl\% the following experiment was under- 
taken : 

EXPEKIJIENTAL WORK 

Ten patients with normal lower extremities and no general disease were selected. 
Tliese were patients of suitable age who were willing to cooperate in the experi 
inent and who were in the hospital for the treatment of some deformity or paralytic 
condition of one or both upper extremities. The experiment did not prolong their 
stay in the hospital or work atw undue hardship on them. 

Each lower extremity, with the foot at a right angle to the leg and the knee 
slightly flexed, was encased in a comfortable plaster of pans cast ^ 

from the toes to the upper third of the thigh. After the plaster la lar ene 
casts were bivalved and strapped on. The left lower extremity was "s e 
control and the right lower extremity was subjected to baking, 

In five of the ten patients, the right lower extremity was baked, m tw 
and in three exercised. , 

I„ to mate the cohtrol as exact as possible the 

left lower e-xtremity tvliiie the physical therapy was emg goeu 0 “ 

extremity. The e.xperimepts lasted tor si.x weeks and /'f 
given twice a day. Uniform roentgenograms of both feet in w 
at the beginning and at the end of the experiment. , j rnmnar- 

The degree of atrophy of the bones which occurred it was 

ing the roentgenograms taken before and after the satisfactory and that 

found that the lateral view of the foot and ankle was the 

the astragalus, os calcis, scaphoid and cuboid J a ,,.tole, decrease 

most constant changes. Decrease in the densi y o thickness of the cortc.'; 

in the size and number of the trabeculae and decrease in i atrophy 

were considered evidence of atrophy. The relatively “ by decrease 

which was produced by immobilization for six' nee ® number of the 

in the density of the bones as a whole; the changes m in the tliick- 

trabeculae were relatively slight, while no changes co aused the trabeculae 

ness of the cortex. The decrease in the density of the bones 
to stand out more dearly in the atrophic bones. 

At the end of the experiment the children ^be muscles n'cre 

normal activities. The movement in the .offered no ill effects 

soon restored without specific treatment, and the p 
from the period of immobilization. 

RESULTS 

Local Heat.—Tht local beat was applied in 
ant) heat supplied by an ordinarj^ electric baket ^ 

The right foot and lower part of the eg taken '■* 

twenty minutes twice a day. experiment liega” 


the 


aty minutes twice a clay. t.ompcuo.uf experiment 

ewl of the period with those t.eken before the exp 
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showed that dchnite atrophy of the hones occurred in all of the feet 
which were immoliilized and that the atrophy was of jU'aclically the 
same degree in the bones of the control limbs as in those which were 
baked. 

Massage . — The massage was administered to the right leg and foot 
by a trained physical therapist and was continued for ten minutes twice 
a day. Comparison of the roentgenograms taken before and at the 
end of the experiment showed that atroph)' of the bones occurred in 
all of the immobilized feet and that this atrophy was of practically the 
same degree in the controls as in those which were massaged. 

Exercise . — The exercises were as follows; “1. Raise the right leg 
as high as possible with the knee straight, and lower it. 2. Flex the 
right hip and knee as far as possible ; then extend the leg on the thigh 
and lower the foot to the bed. 3. Dorsiflex tbe foot and curl the toes ; 
then plantarflex the foot and curl the toes. Do each exercise slowly 
twenty-five times, twice a day.” The physical therapeutist was responsi- 
ble for the execution of the exei'cises as prescribed. Comparison of the 
roentgenograms taken before and at the end of the experiment showed 
that atrophy of the bones occurred in all of the immobilized feet, and 
the degree of atrophy was practicall}' the same in the bones of the 
control limbs as in those which were exercised. 

COMMENT 

The observations recorded in this paper are not presented as evi- 
dence that it is not possible to affect atrophy of the bones by physical 
therapy, but are presented as evidence that baking, massage and exercise 
in the amounts in which these measures are used clinically have no 
appreciable effect on the local atrophy of the bones which is caused by 
immobilization of the part. 

It is probable that no amount of massage or passive movement which 
could be tolerated by the patient would have any appreciable effect on 
the atrophy. However, if the voluntary muscular exercises were carried 
out more frequently it would be possible to lessen or to prevent atrophy 
of the bones, in which case there would be little immobilization or 
disuse. In regard to local heat, we believe that this tends to accelerate 
the atrophy incident to disuse. We have seen patients with local 
atrophy of the bones which we Ijelieve was partly caused by the enthusi- 
astic and prolonged use of baking or of diathermy. 

CONCLUSION 

Short periods of local heat, massage or active exercise have little 
if any, effect on local atrophy of the bones which occurs when an 
extremity is immobilized in a plaster of paris cast. 



DISTENTION OF THE URINARY BLADDER 


I. HEMATURIA AND SUDDEN EMPTYING; AN EXPERIMENTAL 
AND CLINICAL STUDY 

C. D. CREEVY, M.D. 

MINNEAPOLIS 


Sudden emptying of tlie chronically distended urinary bladder, espe- 
ciall}’ in prostatic li3'2iertroph3', has been condemned as hazardous for 
so long that the idea has become a tradition. The Ebers papyrus gives 
a jirescrijition to iirei’ent the too rapid escape of urine.^ The conception 
that one must withdraw the urine sIowl3’’ first receii^ed udde recognition 
earh’ in the nineteenth centur3L It was then graduall3" lost to view, only 
to reappear with the compai'atively recent development of prostatic 
surgeiAL 

I recenth' review^ed the literature dealing with the reaction to rapid 
decompression of the distended bladder; at this time only the portion 
which refers to the relationship of rapid decompression and bleeding 
will be reviewed in detail. The most widel3' accepted explanation o 
the supposed danger of rapid emi)t3'ing of the bladder in cases of chronic 
retention maintains that the intraA'’esical pressure is elevated as a lesu t 
of the retention. This elevated tension is alleged to be transmittec tu 
the kidneys. The blood vessels of the urinary tract are said to adap 
themselves to the heightened pressure, so that the sudden withdraw a 
the urine leads to prompt dilation of the vessels with ruptuie an leinor 
rhage into the tissues and lumens of the urinar3' tract. The conges lo 
and hemorrhages thus produced are assumed to intei fere wit t le re 
function to the point of causing uremia and even death. 

While this makes an admirable theor3", it is by no means so free fr 
objection as one might be led to believe from a casual sun 03 ° 
literature. It is 01113^ recentl3'' that its soundness has been ques 
Pratorius " said not long ago that he had never seen a case 0 
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c.v vacuo bleeding. Bazy = declared that the distended bladder should be 
emptied promptly and kept emjitj'. Brechcr and Chwalla,* aftei a stvidy 
of three hundred cases, concluded that gradual withdrawal of the urine 
possesses no advantages over simple catheterization , the lattei proceduic 
does not appear to increase the incidence of hematuria or of untoward 
reactions of any kind. Rose ‘‘ observed that he could sec no objection to 
rapid withdrawal of the urine provided the bladder is kept empty there- 
after. I “ recently analyzed a series of seventy-one cases which came 
to autopsy after catheterization for urinary retention due to prostatic 
hypertrophy. I was forced to conclude that rapid emptying of the 
bladder is of itself harmless, and that gradual decompression, far from 
possessing advantages, may even be dangerous in that it prolongs the 
period of inadequate drainage with its attendant increased liability to 
infection. The following objections to the idea that the sudden, relief 
of chronic or subaev^te retention is harmful were found : 

1. Other sources of hematuria are available in prostatism; it has 
been shown both experimentally and clinically that these may, alone or 
in combination, cause the various phenomena seen after sudden relief 
from obstruction. 

2. No incontrovertible proof exists that sudden emptying of the 
bladder can of itself produce bleeding or other untoward reactions. 

3. Death following catheterization is due almost invariably to an 
infectious process, either renal (80 per cent) or extrarenal (20 per 
cent). 

4. Hematuria may fail to follow catheterization in circumstances 
which would ceilainly produce it if it were due to mechanical factors. 

5. Bleeding accompanies gradual as well as sudden evacuation of 
the urine. 

6. That a constant elevation of the intravesical tension exists in 
obstructiozi remains to be shown. That is, it is not certain that spon- 
taneous decompression does not occur. 

7. Gradual, as compared to sudden, decompression has not lowered 
the mortality of patients catheterized for retention of the urine from 
prostatic enlargement. Two series of cases, alike except for the rate of 
emptying of the bladder, were compared-; they showed no difference in 
the mortality following treatment. 


^ 3. Bazy, P. ; Note sur la pathogenie, le diagnostic, et le traitement des 
pyeloncphrites suppurees, Bull, et mem. Soc. d. chirurgiens de Paris 22" 263 1896 
4. Brecher, E., and Chwalla, R.; Neues zur Behandlung der Hamretention 
nebst Untersucliungen iiber die Entlastungsreaktion, Ztschr. f. urol. Chir. 31:266, 


193/ ^ Application of Bladder Physiology, J. Urol. 26:91, 

f Sudden Emptying of the Chronicallv Dis- 

tended Bladder, Arch. Surg, 25:336, 1932. 
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CAUSE OF THE HEiVATC'RrA 

Leaving aside the propriety of sudden, as compared with gradual. 
einpt 3 'ing of the chronically distended bladder, it is interesting to inquire 
as to the ])ossible cause of the bleeding which so often follows the 
catheterization of j^atients with chronic partial urinary retention. 

1 he literature names four po.ssible causes other than complications 
like neoplasm and urolithiasis, namely, tirinaiy retention, sudden empty- 
ing of the bladder, infection and trauma. 

Retention of Urine . — This can of itself cause hematuria; the pres- 
ence of vascular congestion and engorgement in the prostate, bladder, 
ureters and kidneys of jratients with obstruction at the vesical outlet 
has been known for years and commented on hy man)' observers, 
among them Mercier " (1861). Grelietv.® Picard,'’ Tuffier,*® Genouville 
and Boeckel,” Delbet,’- Chute and Vintici and Laroche “ 1929). 
They attribute the congestion to venous stasis resulting from an increase 
in the intravesical tension. Its existence is r'crified clinically by the 
frequent occurrence of bleeding following even the gentlest urethral 
manipulation in patients with prostatic obstruction. 

This stasis in prostatic retention inaj' produce hemorrhage into the 
urinary' tract, since Bernard,’® Albarran,’® Sedillot,” Escat,’® Walker,’’’ 


7. Mercier, A. ; Note sur I’h^natune qui suit le cafliefen’sme dans quelgues 
cas de retention d’urine. Union med. de Paris 9:41, 1861. 

8. Grellet}', M. ; M&anisme des accidents mortels qui dans certains cas 
accompagnent I’evacuation trop prompte de !a vessie, France med. 2S;146, 1879. ^ 

9. Picard, M. : Les dangers du catheterisme chez les vieiiiards, France tried 

26:106, 1879. , . . 

10. Tuffier, T. : Role de la congestion dans les maladies des voics urinaircs, 

These de Paris, 1885, p. 149. , , . 

11. Genouville, M., and Boeckd, A.: Physiologic pathologique du catiietensnic, 
in Pousson, A., and Desiios, E. : Encyclopedic frangaise d’lirologic, Paris, aston 
Doin & Cie, 1914, vol. 4, p. 944. 

12. Delbet, P. : Retention et incontinence d’urine, in Pousson, A., anc c.sn 
E, : Encyclopedic frangaise d’urologie, Paris, Gaston Doin & Cic, 19 , \o. 
p 492 

13. Chute, A. L. : Observations on Cases of Prostatic Obstruction Prese 
Overdistended Bladders, Boston M. & S. J. 167:607, 1912. 

14. Vintici, V., and Laroche, A. : Hemorrhagics de la prostate, J. c nr 

140, 1929. . , t Trine 

15. Bernard, M. C. : A Simple Method of Relieving Retention of .1 

in Diseases of the Prostate Gland, Dublin M. J. 17:369, 1847. 

16. Albarran, J. ; Etude sur !e rein des urinaires, These de i an., 

& Cie, 1889. , , . j..,t[,^(eri5inc U 

17. Sedillof, C. : Des accidents graves qui suivenf partois 

les autres operations pratiquees sur Vuretcre, Gaz. d. hop. ■ 

18. Escat, J. : Des hematuries renales chez les prostatiq i , 

^^^[p.^Valker, K. M.: The Risks of Prostatectomy. Practitioner 112:278. 1921 
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Young-" (3.6 per cent of nine hundred nnd eiglUy-three ca.se.s or 
14.1 per cent of those with large amounts of resichial urine), lluinpus 
and Foulds (5 per cent of eighty-three patients with distended l)lad- 
ders) and \'intici and Laroche” encountered bleeding in ajiparently 
unconiidicated prostatic hy]oertrophy. 

Further proof that urinary retention may cause hematuria is found 
in the literature on experiments. Guyon and Alharran -■ and, later. 
Shigematsu ligated the urethra in dogs and rabbits, thereby producing 
hemorrhages at first in the vesical suhmucosa, later in the detrusor 
urinae and finally in the renal parenchyma. 

Other evidence is found in the fact that ligature of the ureter also 
causes bleeding. Fabian"' (guinea-pig), Corbett (dog) and Helm- 
holz and Field"'' (rabbit) observed bleeding into the renal parenchyma 
and into the wall and lumen of the pelvis within eighteen hours of 
experimental ureteral occlusion. 

Sudden Emptying of the Retained Urine . — ^This has always been 
regarded as productive of hematuria, but the actual importance of this 
factor is difficult to evaluate. Desormeaux drew an analogy between 
postcatheterization and postpartum bleeding, although, since the retained 
urine is not attached by a placenta the separation of which leaves a 
raw surface, this analogy is impossible. Le Grand,"® Guyon and 
Blum and Rubritius "" spoke of hemorrhage ex vacuo, but failed to 
explain how a vacuum may develop in a collapsible organ with flexible 

20. Young, H. H. ; Hydraulic Pressure in Genitourinary Practice, Especially 
in Contracture of the Bladder, Bull. Johns Hopkins Hosp. 9:100, 1898; Practice 
of Urolog}', Philadelphia, W. B. Saunders Company, 1926, vol. 1, p. 17. 

21. Bumpus, H. C., Jr., and Foulds, G. S. : Gradual Emptying of the Over- 
distended Bladder, J. A. M. A. 81:821 (Sept. 8) 1923. 

22. Guyon, J. F., and Alharran, J. : Anatomic et physiologic pathologique de 
la retention d’urine, Arch, de med. exper. et d’anat. 2:181, 1890. 

23. Shigematsu, H. : Etude experimentelle de la retention d’urine, J. d’urol. 
25:16, 1928. 

24. Fabian, E. : Die Niere des Kaninchens nach der Unterbindung ihres Harn- 
leiters, Biblioth. med. Abt. Path. u. path. Anat. 18:1, 1904. 

25. Corbett, J. F. : Changes in the Kidney Resulting from Tying the Ureter, 
Am. J. M. Sc. 144:568, 1912. 

26. Helmholz, H. F., and Field, R. S. : Acute Changes in the Rabbit’s Kidney, 
Particularly the Pelvis, Produced by Ligating the Ureter, J. Urol. 15:409, 1926. 

27. Desormeaux, M.: Hemorrhagic vesicale mortelle a la suite du catheterisme. 
Bull, et mem. Soc. d. chirurgiens de Paris 50:743, 1851. 

28. Le Grand, A. : Union med. de Paris, 1860, p. 471 ; quoted by Mercier." 

29. Guyon, J. F.; Retention d’urine; Forme aigue et forme chronique Gaz 
d. hop. 52:481, 1879. 

30. Blum, V., and Rubritius, H. : Klinik der Prostatahypertrophie, in von Licht- 
enberg. A.; Voelcker, F., and Wildbolz, H.: Handbuch der Urologie, Berlin, 
Julius Springer, 1926, vol. 5, p. 585. 
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•walls. Countkss writers have attributed vesical and renal hemorrhage 
(Young- has seen bloody urine issuing from the ureters after catheter- 
ization of the distended bladder) to the emptying alone, hut have failed 
to consider the objections just named. 

Other potent objections exist. First, gradual emptying of the blad- 
der docs not protect against bleeding. Van Zwalenburg’s patient 
bled ; so did 5 per cent of the eighty-three patients of Bumpus and 
Foulds,"^ as well as 4S.7 per cent of the patients in thirt 3 ^-three fata! 
cases which I reported. 

Moreover, the relief of enormous vesical distentions may fail to 
cause hemorrhage. Lund, Corner ®- and Bury each reported a case 
of chronic, partial retention due to incarceration of a retroflexed gravid 
uterus ; the}'- withdrew 13,960, 4,000 and 4,900 cc. of urine, respectively, 
without causing bleeding. Pinkham and Hamman reported the 
remorml of 7,900 and 7,000 cc. from elderly patients with prostatism 
without bleeding. 

If postcatheterization bleeding is actually due to mechanical factors 
(a fall of tension with bursting of the vessel walls), these discrepancies 
are difficult to explain. If, on the other hand, it is due to other factors, 
such as trauma or infection, the explanation is easy. The wide vari- 
ations in the amount of trauma from catheterization are too obvious to 
require comment; variations in the virulence of bacteria and in the 
susceptibility of the hosts are part of everyday knowledge. 

Rd/e of Infection . — The role of infection in the production of 
hematuria has been underestimated. 

Goodhart was apparently one of the first to realize that urinar} 
retention predisposes to infection (1873). He found I'enal abscesses 
at autopsy in 20 per cent of a large series of patients with obstruction 
of the neck of the bladder and the urethra. This clinical observation u as 
soon supported experimentally by Albarran,^® Rovsing,®' Melchior an 


31. Van Zwalenburg, C. : Emptying a Chronically Distended Bladder, esenp 

tion of a Simple Device, J. A. M. A. 75:1711 (Dec. 18) 1920. , .f t 

32. Corner, M. C. : An Interesting Case of Retention to the nioun 
Gallon, Lancet 2:130, 1905. 

33. Bury, B. W. : A Case of Retention of Urine, Brit. M. J. ■ 

34. Pinkham, J. G. : Distention of the Bladder Mistaken for / sci cs, 

10:1065, 1875. . . „ ,r t J;M2, 

35. Hamman, D. J. H.: Extreme Bladder Overdistention, Bnt. 

36. Goodhart, J. F. : On Erysipelas of the Kidney and Unnarj Tract, 

Hosp. Reports 19:357, 1873-1874. .jcriien Infektion dcr 

37. Rovsing, P.: Pathogenese und Behandlung der ^<^0 

Harnwege, Monatsbl. d. Krankh. d. Harn-u. ;P^f'’^„jprsuchlc Falk von 

38. Melchior, M. : Benchte uber o2 bakteriologis I ^ ^ . 

infectiosen Erkrankungen der Harntracte, Monatsbl. d. Krankii. (• 

Appar. 3:584, 1898. 
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Olliers. Rov.sing and Illclchinr also called altention to the fact Ural 
trauma, like retention, increases tlic lialiility of the urinary tract to 
bacterial invasion. 

Infection, cither alone or in combination with retention, can cause 
.severe lilecdinjj. Alliarran pointed out that often tlie only demon- 
strable lesion in early acute jiyeloneiihrilis consists of leukocytic infil- 
tration and of hyperemia or liemorrhage. If.'ical reported tlie finding of 
a hydronephrosis filled with blood, in which the eause of the bleeding 
was a bacterial inflammation. Koch."'' using the staphylococcus, and 
Sweet and Stewart.”’ using Bacillus coli. jiroduced hemorrhages into the 
renal parcnchvma in association with a supjiurative nephritis following 
the intravenous injection of these organisms. The frequency of severe 
hematuria during acute glomerulonephritis, which is bacterial in origin, 
is familiar to every physician. 

Hemorrhage coincident with the onset of infection in the course of 
prostatic obstruction has been reported by Escat.'® Chute,” Hyman. 
Elfving and me.'’ 

Insfniwcutal Trauma . — Trauma caused by instruments also may lead 
to bleeding in the patient with prostatic obstruction. Indeed, it was at 
first blamed for the fatal reactions following catheterization (Finlay- 
son ^ and Tuffier”) ; Escat ” said that he had never ^een hematuria 
follow an easy, gentle catheterization. While trauma undoubtedly plays 
a part in the production of postcatheterization bleeding, it can scarcely 
be regarded as the sole cause, particularly since patients who die of 
such reactions usually, if not invariably, exhibit renal lesions, and since 
Young saw blood issue from the ureters of patients who were bleeding 
after catheterization. As only a small percentage of patients with 
uncomplicated prostatic obstruction bleed spontaneously, other expla- 
nations have been sought. 

EXPERIMENTAL AND CLINICAL STUDY 

In order to present a fairly' complete chain of evidence as to the 
origin of postcatheterization bleeding in urinary retention, five series 
of experiments were performed. Series 1 consisted of twelve dogs in 

39. Koch, J.; Ueber die Hiimatogene Entstehung der eitrigen Nephritis durch 
den Staphylokokkus, Ztschr. f. Hyg. u. Infektionskr. 61:301, 1908. 

40. Sweet, J. E., and Stewart, L. F.: Ascending Infections of the Kidney, 
Surg., Gynec. & Obst. 8:460, 1914. 

41. Elfving, A. K. : Ueber Blntdruck und Nierenfunktion der Prostatiker, 
Acta Soc. med. fenn. duodecim 9:1, 1928. 

42. Finlayson, J. : Case of Extensive Submucous Ecchymosis in the Bladder 
and Hemorrhage into the Tubules of the Kidney, Occurring Within Two Days 
from a Single Catheterization, Glasgow iM. J. 21:132, 1884. 
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whicli simple acute retention of the urine was established, the animals 
being killed and examined at intervals thereafter. 

In series 2 comprising eight animals, the conditions of the first group 
of experiments were dujjlicated, except that after an interval the reten- 
tion Avas rclicr'ed. The animals were killed later. 

Series 3 consisted of two dogs in which a chronic partial urinary 
retention was established by' incomplete urethral ligature. In both ani- 
mals hematuria developed ; they' were included to demonstrate the rela- 
tionship of hematuria to infection engrafted on obstruction. This series 
was reenforced by the inclusion of a number of clinical cases. 

Series 4 comprised six dogs, in Avhich the procedure mentioned in 
connection with the, first group was carried out, but in addition the 
spinal cord was sectioned in the middorsal region in order to observe 
the effect of distention of the bladder without voluntary attempts to 


urinate. 

In series 5 the bladders of four animals were distended rapidly with 
comparatively' high pressures under anesthesia, while the abdomen was 
open. In four more animals, stretching of the vesical wall was pre- 
vented by' enclosing the bladder in a rigid bag. 


Series 1: Simple Acute Refeutioii as a Cause of Hematuria. 
Twelve normal male dogs, vary'ing in weight from 12 to 16 Kg., were 
used. After tests had shown that the urine and the nonprotein nitrogen 
of the blood were normal, the animals were anesthetized by the sub- 
cutaneous injection of morphine sulphate supplemented by the loca 
injection of 0.5 per cent procaine hy'drochloride. Under sterile con 
ditions, the penis was then isolated in the perineum behind the bone, its 
vessels were stripped off and preseiu'ed, and the urethra was occlude i) 
a ligature of linen tape. The animals were then allowed to reco\er m 
metabolism cages. Only' those that passed no urine while the ligature 
was in place were included in this study'. They' were allowed to Ci 
and drink at will. This series of experiments was divided into t ire 


g”roups. 

The first group consisted of three dogs killed with 
twenty'-four hours after occlusion of the urethra; the seconc ^ 
comprised six dogs killed after forty'-eight hours, and the t m 
dogs killed after from sixty to seventy'-two hours. ij.mis 

After the retention had lasted for the required pence . ic 
were anesthetized with chloroform, the abdomen opened and the 
inspected. A sterile large-caliber needle was inserted in o 
through the anterior wall, and the intravesical culture, 

by means of a vertical glass tube. Urine was ‘''-' “P ,„„il 

measurement and urinalysis. The anesthesia was tiien deej 

death occurred ; autopsy was performed. 
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CerUlin aiiiinnls died ; siinilur observations were made except tlial the 
pressure and tlie ability of the bladder to contract during einjHying 
could not be observed. 

Exrr.mMKNT I. — In a innlc dof: woinlniiR IS Kr., witli a twciity-foiir lionr aciile 
retention, tlic nonprotein nitropen one hour before death was 17 nig. for each 
100 cc. of blood. The bladder held (>25 cc. of sterile urine wbicb contained a few 
red blood cells ; the intravesical tension was 4 cm. of water, and the viscus con- 
tracted on being emptied. -At autopsy the thoracic and abdominal cavities showed 
nothing abnormal except the distended bladder. Histologically, tlie kidneys and 
ureters were normal. There were a few small hemorrhages beneath the vesical 
mucosa, which was intact ( fig. 1 ) . 



Fig. 1 (experiment 1). — Early hemorrhage into the wall of the bladder resulting 
from obstruction for twenty-four hours. 


Experiment 2. — In a male dog weighing 12 Kg., with a twenty-four hour 
obstruction, the antemortem nonprotein nitrogen was 20 mg. per hundred cubic 
centimeters. The bladder was cyanotic and contained 560 cc. of sterile urine, in 
which several red blood cells were found in each high power field. The pressure 
was 18 cm. of water. When the bladder was emptied, its color returned to normal. 
-\utopsy revealed nothing unusual. Microscopic e.xamination of the kidneys, 
ureters and bladder revealed nothing abnormal. 

Experiment 3. — A male dog weighing 15 Kg., with a twenty-four hour reten- 
tion, was given 1,000 cc. of a physiologic solution of sodium chloride subcutaneously 
following urethral ligature; the dose was repeated on the following morning. 
The nonprotein nitrogen was 25 mg. before death. The bladder contained 805 cc. 
of faintly turbid, sterile urine with many red blood cells and a few white cells 
in each high power field. The bladder was plum-colored and markedly distended ; 
the tension was 21 cm. of water. The discoloration disappeared as the bladder 
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contracted on being emptied. On section, one saw in the kidneys a miJd engorge- 
ment of the vessels of the medulla which could not be regarded as abnormal. Tlic 
ureters showed no changes. Beneath the vesical mucosa, particularly in the poste- 
rior midline, were several hemorrhages varying from 0.5 to 3 inm. in diameter, 
and a few submucous petechiae scattered over the base and dome (fig. 1). 

Coiiiniciit . — 111 three norma] male dogs, ligation of the urethra for 
twenty-four Jiours produced no definite renal lesions except in one 
animal (experiment 3) : here the picture was that of engorgement of 
the capillaries and of the veins which was not sufficiently marked to 
justif}' conclusions. The bladder was regularly the seat of a few small 
hemorrhages beneath the mucosa, particular!}" in the midline of the 
posterior wall. The distended bladder appeared cyanotic, but returned to 
its nonnal color on being emptied. The nonprotein nitrogen of the 
blood did not rise, nor were abnormally formed elements other than a 
few red cells found in the urine. 

These results are in contrast to those of Guyon and Albarran '• and 
of Shigematsu,-^ who regularly found small hemorrhages in the kidney 
and a rise in the nonprotein nitrogen of the blood (the blood in the 
urea -was found by Guyon and Albarran; the rise in the nonprotein 
nitrogen, by Shigematsu) twenty- four hours after obstruction of the 
urethra. However, these findings were to be anticipated for several 
reasons : 

1. The urinaiy output of dogs given a constant intake of finid is 

extremely irregular. At the outset of these experiments it was intended 
to make estimations of the renal function by determination of the 
chemical constituents of the urine before, during and after retention 
withovrt catheterization. It was found that, in a series of ten dogs gi\en 
a constant intake of 500 cc. every twent}'-four hours and a weighed diet 
of ground beef the daily output of urine varied from 50 to 1,200 cc., 
while the chemical constituents of the urine varied within equally 
limits. These discrepancies are evidently due to the male dogs haiit o 
empt 3 "ing the bladder incompletely. . 

2. On several occasions, during abdominal operations on do^^s ^o^ 
average size with undisturbed urinary tracts, I have seen blad ers 

ing as much as 1,300 cc. in the absence of evidence of obstruction. 

3. Dogs kept in cages void less often than those 

about, evidently in anticipation of freedom. It ma\ be tiat t i _ 
studied by Guyon and Albarran were not caged and there ore 
void more often than the animals which were caged. ,,.n„ld 

It was therefore expected that a Uventy-four hour o istnic ion 
not produce lesions unless, as in experiment 3. fluids 

Because definite damage did not appear in this group o < 
second group of six dogs with obstruction of approxnna e\ 
hours’ duration was studied. 
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Exrr.mMUNT 4.— A ddi; wcipliiiiR 20 Ivp. died forty-ciplil liours after ligature 
of tlie urcllirn. Tl)c iionprotcin nitrupeu of tlie blood was 125 mg. three hoiir.s 
before death. Aulojisy revealed the presence of hronchoimcumonia. The kidneys 
and ureters were engorged. T!)c l)ladder was phiin-colorcd and distended with 
800 cc. of sterile urine containing many white cells. When the bladder was emptied 
post mortem, the color of its c.-slcrnal surface returned practically to normal, but 
the wall remained flaccid and wrinkled. Tlierc were, liowever, numerous elevated 
hcmorraghic areas with raised margins, particularly on the posterior wall, on the 
mucosal aspect. 

On microscopic examination, the kidneys showed patchy areas in which the 
epithelium of the convoluted tubules and of Hcnlc’s loop were swollen and vacuo- 
lated, partially occUtding the lumens, which in many areas contained hyaline and 
granular casts. These areas were most mimcrous immediately beneath the renal 



Fig. 2 (experiment 6) . — Kidney following retention for forty-eight hours. 

capsule. The vessels about the collecting tubules were choked with blood, and 
there were a few small hemorrhages beneath the pelvic mucosa, which was intact. 
The ureters were normal. 

The bladder showed many large hemorrhages beneath the mucous membrane. 
The mucosa was missing over many of these areas, and a few of the hemorrhages 
extended into the muscular coat for a short distance. 

Experiment 5. — In a male dog weighing 20 Kg. the nonprotein nitrogen was 
80 mg. after a forty-eight hour retention. The dog was anesthetized. The bladder 
held 1,300 cc. of sterile urine containing a few red and white blood cells. The 
external surface of the bladder was plum-colored, but it became practically normal 
when the bladder was emptied. Contraction was incomplete. At autopsy^ in 
addition to the presence of lesions like those seen in experiment 4, there were a 
few small cortical hemorrhages w'hich adjoined the swollen tubules. The ureters 
were normal, while the bladder show'ed the changes seen in the preceding experi- 
ment. 
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7, on the other hand, there was an advanced lesion in the kidneys char- 
acterized radial linear hemorrhages passing through the medulla and 
the cortex and associated with marked necrosis in adjoining tubules, 
while the bladders were necrotic. It is also to be noted that in experi- 
ment 3 a retention of 800 cc. produced only a little damage within 
twenty-four hours, while a retention of 800 cc, in experiment 4 pro- 
duced more marked changes in forty-eight hours, although dog 3 weighed 
only 15 Kg. and its bladder was therefore relatively less distended 
than that of dog 4, which weighed 20 Kg. 

ExPERi.ArE.VT 10. — A male dog weighing 16 Kg. died seventy hours after 
urethral ligature. The iionprotein nitrogen forty-eight hours after ligature was 
4S mg. : after seventy-two hours, 60 mg. Autopsy, which was performed inimedi 



following retention for forty-eight hours. 


Tlip hHdder was distended 

ately after death, revealed purulent bronchopneumonia. albumin, 

and plum-colored, and contained 300 cc. of J er^ „any 'granular casts, 

many red blood cells, a moderate number o w i e contract after empty' 

There was no return to normal color, and the Madder ureters were 

ing. The kidne 3 ^s were moderately softened and hemor J hemorrhages 

normal. Microscopic e.vamination revealed many sma , ^ 
in the cortex. Adjoining the hemorrhages were a a cleeply-staima? 

were swollen, with pale, vacuolated cytoplasm <^o"taimng h 
nuclei. The bladder showed submucosal hemorrhages with 

cularis and mucosa, and necrosis. 90 Kg- died seventy-four hours after 

Experiment ll.-A dog weighing 20 Kg^ d , ,ch.cli 

urethral ligature. The bladder found. The bladder wa- 

i„,.„„erebl= red Mood cells and a , 


; touna. 

innumeraoie reu u.uuu diameter, from wliw i ‘ 

flaccid and blue-black; at the apex was a tear 3 .^^ 

necrotic mucosa protruded. There was i P criloncal flmd. 

bloody urine escaped, thus explaining 800 cc. 
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pcritoiiciini was cvcrywlicrc intensely coiiRcsted and cxdiibitcd small, fibrinous 
plaques. There were numerous beniorrbagcs in tbe free margin of tbc great 
omentum which was apph'cd to the rent in the bladder. The kidneys showed 
lesions like those described in c.xperimcnt 9. The lower one third of each ureter 
was moderately dilated. Microscopic examination of the kidneys revealed the 
typical radiating hemorrhagic streaks with necrosis of adjoining tubules and 
hemorrhages beneath the pelvic mucosa. The ureters contained small adventitial 
hemorrhages. The bladder exhibited numerous hemorrhages infiltrating the entire 
muscular wall, associated with sloughing of the overlying mucosa and necrosis of 
the invaded muscle. 

Experiment 12. — A male dog weighing 28 Kg. was found dead sixty-eight 
hours after urethral ligature. The observations were similar to those in the pre- 
ceding dog except that there was more advanced peritonitis, with 1,500 cc. of 
bloody urine in the abdominal cavity. The bladder was flaccid, gangrenous and 
empty, and there was a large perforation at the apex. 


Comment. — Plainly the lesions of experimental acitte retention are 
variable. After twenty- four hours the most prominent change observed 
was mild cyanosis of the vesical wall which disappeared on emptying of 
the bladder. A few small, submucous hemorrhages were seen, but the 
ureters and kidneys were normal. Within forty-eight hours the changes 
were intensified. The cyanosis was more striking, and large extra- 
vasations of blood invaded the bladder wall, especially posteriorly in 
the midline, where the blood supply was poor. Hemorrhagic lesions 
appeared also in the ureters and kidneys. In from sixty to seventy-two 
hours the bleeding into the bladder wall produced necrosis with rupture 
and urinary peritonitis. The rupture was always in the same situation. 
The lesions in the upper urinary tract were similarly more advanced. 

Series 2: Role of Sudden Emptying of the Acutely Distended 
Bladder in the Production of Hematuria. — ^This series consisted of eight 
animals. The operative procedure was identical with that in the first 
senes. After the obstruction was established, the animals were placed 
m metabolism cages and observed to make sure that no urine was passed. 
The obstruction was relieved after twenty-four, forty-eight and sevent}^- 
two hours by removal of the ligature. A catheter was passed, and the 
bladder pressure measured. All of the animals voided. Twenty-four 
hours later they were killed with chloroform and studied. 


Experiments 13 and 14. — ^In two animals weighing 18 and 19 Kg., respectively, 
the obstruction was relieved under local anesthesia after twenty-four hours. The 
bladder tensions were 17 and 23 cm., respectively. The urine which was voided at 
the time of the removal of the ligature contained a few red cells but was sterile. 
The urine which was subsequently passed was clear. The animals were killed 
twenty-four hours after ligature. No lesions were demonstrable at autopsy. 

Expemsiext 15. — In an animal weighing 14 Kg. the obstruction was relieved 
without anesthesia after forty-eight hours. The pressure was 24 cm. The dog 
promptly voided 600 cc. of blood 3 -, sterile urine. He was cWorofonned twenty-four 
hours later. He had voided 1,000 cc. in the interval. The urine cleared grossly 
during this period; the last specimen voided before death contained a moderate 
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luimbcr of red blood cells. At autopsy the bladder held “in ee nr i 
containing numerous red cells Tn Ji nti ^ 

coincided\.ith those hi e^pcHmi;: f 


a fo^hJ’XJ^r ^ ''’as 30 cm. after 

aninn voided m .«moval of the ligature without anesthesia the 

Wn re \i ^ ^ of bloody sterile urine, and in the ensuing twenty-four hours 

he preceding one. At autopsy 25 cc. of smoky, sterile urine was observed. The 
bladder wad vvas hemorrhagic in the usual situation. There were mucosal 
petechiae. Tlie kidneys were mildly engorged. 


Experiment 17.— In a male dog weighing 14 Kg., after relief of a retention of 
seientj lours duration, 200 cc. of bloody, sterile urine escaped under a pressure 
o cm. of water, but the bladder w'as still palpable. Two hundred cubic centi- 
meters of bloody urine W'as passed the ensuing day. The animal W’as anesthetized 
tw entj four houi s after the removal of the ligature. The bladder ivall was C 3 'anotic 
and wwmkled and collapsed without contracting on the removal of 400 cc. of bloody 
urine. At autopsj’- the whole posterior wall was necrotic but intact. The ureters 
were dilated in their low'er third, W'hile the kidneys presented the picture seen in 
experiment 6. 


Experiment 18. — In a male dog w'eighing 15 Kg., the obstruction was relieved 
sixty-eight hours afterw-ard because the bladder was so distended that rupture was 
feared. Five hundred cubic centimeters of bloody urine at a pressure of 12 cm. 
W'as passed at once, leaving the bladder slightly distended. One thousand cubic 
centimeters w'as passed in the followdng twenty-four hours, with gradual clearing 
of the urine. At postmortem examination twenty-four hours after the relief of the 
retention, the bladder was contracted and hemorrhagic, and there w’as necrosis of 
the posterior wall. The ureters were slightly dilated at their lower ends ; the 
kidne 3 's were congested and showed radial streaks of hemorrhage. 


Comment . — Sudden relief of acute urinary retentions of tw'enty-foiir, 
forty-eight, sixty-eight and seventy-tivo hours’ duration did not produce 
results differing from those seen after simple retention. There was a 
marked tendency' toward recovery, even within tw'cnty'-four liours, 
except in dog 17, in which the intramural hemorrhage was so advanced 
as to prevent muscular contraction. It seems evident, therefore, that 
at least in acute urinary' retentioa the sudden relief of pressure is with- 
out undesirable effects. To test this observation further, experiments 19 
and 20 rvere performed. 

Experiment 19. — A dog w'eighing 21 Kg., immediately on the release of (be 
ligature seventy hours after its application, voided 900 cc. of bloody urine under 
a pressure of 20 cm. The urine w'as sterile and contained red blood cells in gradiai^,^ 
diminishing amounts for three da>'s; it became normal on the fourth da 3 -, wbc" * ^ 
animal was killed. At autopsy the bladder contained 10 cc. of clear urine. 
external surface was normal except posteriorly, where there was a Jicmorr i. 
patch the size of a quarter. The ureters appeared normal, as did the kidnc35. 

Microscopicalb’, the hemorrhagic area in the bladder wall was surronnf e< 
invaded b 3 ' leukocytes; the red cells had lost their outlines; a 
seen at the edges. The kidneys show'ed radially arranged streaks in w Inc i P 
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of tubules were surrounded by leukocytes and j’oung connective tissue ; the epithe- 
lium of the tubules was basophilic and swollen and contained deep-staining nuclei. 

Experiment 20. — In a male dog weighing 17 Kg. the obstruction was relieved 
seventy-two hours after ligation. The tension was 10 cm. Two hundred cubic 
centimeters of sterile bloody urine was evacuated at once; the bladder remained 
palpable. The dog voided 800 cc. during the ensuing twenty-four hours. At forty- 
eight hours the urine contained a few red blood cells. At seventy-two hours it was 
microscopically normal, and it remained normal until the animal was killed on the 
twenty-ninth day. Nothing abnormal was found at autopsy. Microscopic exami- 
nation of the kidneys showed scattered radial streaks of connective tissue extending 
from the calices to the capsule and corresponding to the hemorrhagic bands seen 
in the early lesions. Adjoining the connective tissue an occasional tubule showed 



Fig. 6 (experiment 20). — Healing of the bladder twenty-nine days after severe 
damage. Only a few collections of lymphocytes show the site of the original 
lesion. 

a few pale, faintly basophilic cells with flattened epithelium and deeply stained 
nuclei. 

The bladder (fig. 6) showed only a few small collections of lymphocytes scat- 
tered through the interstitial tissue and penetrated, in a few areas, by young con- 
nective tissue cells. 

Comment. — It is clear that sudden relief of an acute retention is 
harmless, since the animals recover. 

Series 3: Relationship of Infection of the Urinary Tract to 
Hematuria. — In this series two experiments on dogs and two cases in 
man illustrated the relationship of hematuria to infection in the urinary 
tract. 
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Lxpekiment 2].— a female clog weighing 28 Kg. showed normal urine. , A 
valve was constructed of metal in such a manner as to allow fluid to pass through 
m a small stream. The valve was sterilized, inserted into the urethra and held in 
place by a liglit ligature of Imc/i tape surrounding the entire urethra. The dog 
voided slowly thereafter. Six weeks later urination was slow,- difficult and frequent, 
Hematuria appeared and increased so rapidlj' in severity that within seven weeks 
after the operation the urine was cxtremelj^ bloody. An enormously’ distended 
bladder was felt at this time. 

The animal was killed with ether forty-five days after the operation, The 
bladder urns distended and plum-colored. It contained 1,200 cc. of bloody urine. 
The mucosa was gangrenous. The metal valve had disappeared. Its former site 
was occupied by filiform stricture. The ureters and renal pelves were moderately 
dilated and edematous. The kidneys were increased in size. The parenchyma was 
softened and engorged. On section innumerable evenly distributed miliary abscesses 
were seen. 

Experiment 22 . — This experiment was identical with the foregoing c.xccpt that 
the valve with the linen ligature around it was found in the bladder; the urethra 
contained a filiform stricture. 


Coviiueiii . — Tlie first two series showed dearly that acute urinary 
retention alone can produce hemorrhage into the urinary tract. I he 
last two experiments prove that infection engrafted on chronic retention 
may produce or aggravate bleeding. 


Case 1. — A man, aged 72, said that lie liad had urinary difficulty of one years 
duration. Prostatic hypertrophy was present. There was 20 cc. of sterile residua 
urine. Suprapubic cystostomy' yielded a clear, sterile urine. The urine contiuuc' 
to be clear for sevetity^-two hours, when, coincident with a dull and a rise o 
temperature to 102 F., it became bloody. Culture then showed a streptococcic 
infection. 

Case 2. — A man, aged 72, had had difficult urination for several years. H' 
had noticed a mass in the lower part of tlie abdomen three months 
sion. Its appearance coincided with the onset of nocturnal incontinence. 
moderate diffuse enlargement of the prostate, and the bladder uas papa 

hngerbreadth below the umbilicus. _ , cd bv 

Thirteen hundred cubic centimeters of clear, sterile urine was esacu.i 
suprapubic cystostomy. The urine remained clear for twenty'-four lour.s, ^ 
time the temperature rose to' 100.4 F., and hematuria appeared. B. co i an 
cocci were found on culture. 


Comment . — In these cases tliere was hemorrhage fioin ty-two 

the first instance, there was only 20 cc. of residual mine. 
hours after the commencement of drainage, bleeding 
bacteriuria appeared. Since decompression could not la^c occt 
bleeding must be attributed to infection. 

In the second case, the withdrawal of quarts <; • 
residual urine was followed by bleeding, but not . .j'^-count 

hours afterward. How, except by an infectious process, c. 

for the latent period ? 
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The bleeding from trauma is loo well known to require illustration, 
but a case illustrating the aggravation of bleeding by an acute pyelo- 
nephritis seems worthy of mention. 

Case 3. — A boj’ of 19 who had a contracted bladder secondary to a nontuber- 
culous pyelonephritis of long standing bled during cystoscopy. Shortly thereafter 
he had a chill ; the temperature rose to 103 F., and the bleeding increased. The 
blood 'Tea rose to 90 mg., and the hemoglobin fell from 90 to 42, so that two 
days after the cystoscopy a transfusion was required. 

Comment . — Hematuria in acute urinary retention may therefore 
originate from simple retention, from trauma or from infection (gan- 
grenous cystitis or pyelonephntis). But what is the mechanism which 
produces the hemorrhage in simple retention? Is it a question of stretch- 
ing of the bladder wall with, as has been suggested, tearing of the 
vessel walls, or is it a question of pressure? Series 4 and 5 were under- 
taken in an attempt to answer these questions. 

Series 4-5: Origin of the Bleeding in Acute Urinary Retention . — 
The experiments in series 4 concerned the effect of stretching the blad- 
der wall. Because of the varying effects of given retentions of similar 
duration it seemed probable that some factor other than contraction of 
the bladder wall must be concerned. It appeared not unlikely that this 
factor might be the attempts of the animal to empty the bladder. In 
order to test this theory, in six animals (experiments 23 to 28) the 
spinal cord was divided at the sixth dorsal segment in order both to pre- 
vent sensory impulses from the bladder from reaching the brain and to 
prevent straining (paralysis of the abdominal muscles). It was assumed 
that the well known reflex centers in the sacral cord (Budge, Goltz,^^ 
Giannuzzi,^® McClintic,^® Mosso and Pellacani *’’) maintained the response 
of the bladder wall to distention in a fairly normal state. 

Experiments 23-24.-^In two normal male dogs weighing 18 and 21 Kg. 
under ether anesthesia and with surgical asepsis, the sixth dorsal segment of the 
spinal cord was exposed and crushed with a ligature of linen tape surrounding 
the dura mater. Immediate paralysis of the hindquarters ensued. The urethra was 
ligated as described in connection with series 1. Forty-eight hours later the non- 
protein nitrogen of the blood was normal. No leakage of urine had occurred. 
Under chloroform anesthesia the bladders were exposed.' They were distended but 

43. Budge, J.; Ueber das Centrum genitospinale des Nervus sympathicus, 
Virchows Arch. f. path. Anat. 15:115, 1858; Zur Physiologic des Blasenschliess- 
muskels, Arch. f. d. ges. Physiol. 6:306, 1872. 

44. Goltz, F.: Ueber die Funktionen des Lendenmarks des Hundes, Arch, 
f. d. ges. Ph 3 ’siol. 8:460, 1874. 

45. Giannuzzi; Recherches physiologiques sur les nerfs moteurs de la vessie, 
J. physiol, de Thomme 6:22, 1863. 

46. kfcClintic, C. F.; The Clinical Neurophysiology of the Automatic Urinarv 
Bladder and Enureses, J. Urol. 20:267, 1928. 

47. Mosso, A., and Pellacani, P.; Sur les fonctions deTa vessie Arch ital de 
biol. 1:97 and 291, 1882. 
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of normal appearance, and contained 800 and 950 cc., respectively, of sterile, normal 
iinne under pressures of 12 and 16 cm. The animals were killed. Autopsy showed 
nothing further. Microscopic examination of the kidneys, ureters and bladder 
showed no lesions. 

Experiments 25-26. — In two normal male dogs of 14 and 17 Kg. the same 
operative procedures as in experiments 23 and 24 were carried out. Seventy-two 
hours later the nonprotein nitrogen was normal. The bladders contained 1,100 
and 1,550 cc., respectivelj', at tensions of 16 and 24 cm. of water. There was no 
discoloration of the external surface. The organs contracted normally on being 
emptied. The urine contained a few red cells and was sterile. The bladder 
showed a very few small petechiae beneath the mucosa. Microscopically, nothing 
else was found, the vesical muscle, the ureters and the kidney pelves being normal. 

Experiments 27-28. — In two dogs of 19 and 22 Kg. the operative procedures 
were identical with those in the foregoing experiments. There was no leakage of 
urine. Ninety-six hours after operation the nonprotein nitrogen of the blood was 
normal. The bladders were exposed. That of dog 27 contained 1,800 cc. of 
turbid, sterile urine at a tension of 23 cm. Its abdominal surface was slightly 
cyanotic but cleared when the bladder contracted on being emptied. The urine 
contained a moderate number of red blood cells. There were numerous petechiae 
in the vesical submucosa, but none in the muscularis. The kidneys and ureters 
were normal. 

The observations in experiment 28 were similar to those in the preceding 
experiment. The bladder contained 2,150 cc. at a pressure of 15.5 cc. 

Comment. — It seems clear, from the degree of distention seen and 
from the duration of these experiments, that simple stretching of the 
bladder wall for periods as long as four days does not suffice to cause 
severe damage to the vessels of the organ. However, on the fourth day 
damage begins. 

The chief factor in the injury to the bladder was evidently the abnor 
mal pressure generated therein during urinary retention. The effect o 
rapidl)'^ developed high pressures was tested in experiments 29, 30, 
and 32. 

Experiments 29-32. — In four normal male dogs of 12, 16, 21 and 22 Kg. the 
bladder was distended rapidly through a fiber catheter, under ether ancst le. i.^ 
The pressure was read after the injection of every 100 cc. of sterile p i>sio og^^ 
solution of sodium chloride. Each injection required about three minutes. sn . 
sample of fluid was aspirated from the bladder after each injection. 

In each instance, when^ the resultant intravesical tension e.xcee e ro^ cared 
60 cm. of water (corresponding to an average content of 400 cc.), ooc 
in the samples of irrigating fluid. Examination of the bladder 
appearance of bleeding showed numerous petechial hemorrhages m tic 
submucosa. If the distention was continued beyond this gposs or 

increased and the muscularis became somewhat hemorrhagic, n ^ 
microscopic lesions of the kidney or ureter developed. 

Comment. — Slow distention of the urinary bladder 
rhages into the bladder wall within forty-eight hours. 
perforation followed in from sixty to seventj'-two hours 
the spinal cord inhibited the development of these lesion 
ninety-six hours (four days) only submucosal hemorrhage 
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in spite of a tremendous distention of the organ. The evidence of 
series 4 shows that distention beyond a certain pressure causes hemor- 
rhage. Is this due to stretching or to pressure? This cpiestion is 
airswered by series 5. 

l\\ series 5 the eft'ect of high intravesical pressure without stretching 
of the bladder wall was studied. 

Experiments 33 to 36.— In normal male dogs weighing from 15 to 21 Kg., 
the bladder was exposed under ether anesthesia and sugical asepsis and enclosed 
in a sterile bag of heavy, inelastic cloth having a capacity of ISO cc. Rapid dis- 
tention of the bladders was carried out as outlined earlier. It was found that 
elevation of the pressure above SO to 60 cm. of water produced mucosal and sub- 
mucosal hemorrhages, and that these invaded the muscularis if the pressure was 
carried high enough. 


COMMENT 

Acute urinary retention causes bleeding into the tissues and cavities 
of the urinary tract. The factors which produce the bleeding require 
analysis. 

As has already been noted, interference with the venous return was 
long ago blamed for the congestion and venous stasis in the entire 
urinary tract in prostatic hypertrophy. The same factor was regarded 
by Cohnheim'*® as responsible for the stasis of blood in the kidney 
following experimental ligature of the ureter. Lindemann found that 
obstruction of the ureter increased the volume of the kidney ; Lucas 
and Newman observed a diminution in the flow of blood from the 
renal vein during distention of the renal pelvis ; and Hinman showed 

48. Cohnheim, J. : Vorlesungen iiber allgemeine Pathologic, Berlin, A. Hirsch- 
wald, 1880. 

49. Lindemann, W. : Ueber die Wirkung der Gegendruckerhohung auf die 
Harnsekretion, Beitr. z. path. Anat. u. z. allg. Path. 21:500, 1897. 

50. Lucas, D. R. : On the Intraureteral Pressure and Its Relation to the Peri- 
staltic Movements of the Ureter, Proc. Soc. Exper. Biol. & Med. 2:61, 1904; 
Studies of the Peristalsis of the Ureter in Dogs by the Graphic Method, Am, J, 
Physiol. 17:392, 1906-1907. 

51. Newman, D. : Residual Urine and the Senile Bladder, Glasgow M. J, 87: 
73, 1917. 

52. Hinman, F., and Morrison, D. M.: Experimental Hydronephrosis, J. Urol. 
11:435, 1924. Hinman, F., and Heplcr, A. B.; Experimental Hydronephrosis; 
Effect of Changes in Blood Pressure and in Blood Flow on its Rate of Develop- 
ment; Partial Obstruction of Renal Artery; Diminished Blood Flow; Diminished 
Intrarenal Pressure and Oliguria, Arch. Surg. 11:649 (Nov.) 1925; Experimental 
Hydronephrosis; Effect of Changes in Blood Pressure and in Blood Flow on Its 
Rate of Development, and Significance of Yenous Collateral System ; Partial 
Obstruction of Renal Vein Without and With Ligation of All Collateral Veins, 
ibid. 11:917 (Dec.) 1925 ; Experimental Hydronephrosis ; Effect of Ligature of One 
Branch of Renal Artery on Its Rate of Development; Simultaneous Ligation of 
Posterior Branch of Renal Artery and Ureter on Same Side, ibid. 12:830 (April) 
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conclusively tliat Imlroncplirotic atrophy is the result of compression 
of the renal vessels by the distcnclecl pelvis. 

'J'his same factor aj)i)cars to be responsible for the stasis of blood 
and later for the hemorrlmge seen after occlusion of the urethra. This 
is shown by the congestion and c 3 'anosis of the bladder wall, which 
appeared in every obstruction and which, in all except the most advanced 
cases, disaj)])cared when the visciis was emptied. Further evidence is 
found in the location of the earliest as well as the most advanced hemor- 
rhages in the advanced cases. Thc}' always appeared in and about the 
inidlinc of the posterior wall above the trigon. Even a casual inspec- 
tion of the dog’s bladder shows that the blood supply is poorest at this 
point, a fact rvbich indicates that a relatively slight increase in tension 
tends to cause damage. While these changes were attributed by Gu}on 
and Albarran "■ to a reflex, such an explanation seems superfluous. 

If urinar}’ retention is long continued, certain secondary effects 
appear and aggravate the primar}' lesions. The first is necrosis, 
cntly due to deficient oxygenation secondar}' to inter ference \\iti tie 
blood supply by the hemorrhages; this appears within forty-eigit lours 
and within from sixty to sevent)'-two hours is often sufficient y a lancec 


to cause rupture. 

The other secondary effect is functional. As has been pointed -1 
Gin-on and Albarran, in acute retention the irritability o t je 
muscle is soon lost. In this series it disappeared in most o le 
ments of forty-eight hours’ duration and in all of those o ro 
to sevent 3 '-two hours’ duration (experiments 10, 11, 1 
not even then irreparable, as shown b 3 ’’ the recoveiy o anm 


19 and 20. 

These secondary effects (the first doubtless causes 
appear to be responsible for the increased suscepti ’ ’ ' ° culture 
the obstructed urinary tract. The necrotic tissue j,„ai,ist 

medium the surface of which is isolated from the usua g^^ptying 

bacterial invasion; the loss of contractility causes nicompl e emp > 
of the bladder. The resultant stasis favors bactena grou • 
Although a few hemorrhages in the bladder wall ‘ 

twenty-four hours, the kidneys are not involved ^ does 

lag is undoubtedly due to the fact that reflux up the .. . 

not occur 


[oubtedly due to the fact that renux up 
(Sampson,- Lucas,- Newman,- Draper and Braasen, 

Ascending Renal Infection tvilli '’SS Hotg 


53. Sampson, J. A.: Ascending J’buH. Jol"’® Hopkins Hosp. 

Reflux of Urine from the Bladder into the Ure , 

14:334, 1903. r Ureterovesical 

54. Draper, J. W., and Braascb, W. F.: The Func 
Valve, I. A. M. A. 60:20 (Jan. 4) 1913. 
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and McCradie;"'" Gruber,^® Sbigcmalsu and otbers). The kklncys 
are thus protected for a time. Since the kidney and ureter togetlicr, 
however, may exert pressures of from 40 (Heidenhain ®‘) to 76 mm. 
(Gottlieb and Magnus®®) of mercury (54 to 103 cc. of water), and 
since the ureter alone may sustain a pressure of 67 mm. of mercury 
(92 cc. of water), a rise of tension in the bladder is soon met by a 
similar rise of tension in the ureter. Elevation of the intravesical ten- 
sion is at first delayed by the tendency of the bladder (observed by 
Mosso and Pellacani,'” Sherrington,®* and others) to maintain a constant 
pressure regardless of the degree of distention (postural tone, Sherring- 
ton) . This protective mechanism apparently' fails at some time between 
twenty-four and forty-eight hours, when the intra-ureteral and intra- 
pelvic tensions become sufficient to cause venous (and perhaps arterial) 
compression, at first with stasis and later with hemorrhage. This 
hemorrhage into the kidney may cause serious anatomic (figs. 2 and 4) 
and functional impairment, the latter being shown by definite rises in 
the nonprotein nitrogen of the blood in experiments 6, 7, 8 and 10. 

That the hemorrhagic lesions of the bladder are due to interference 
with the blood supply by the intravesical tension rather than to simple 
stretching and tearing seemed probable from the fact that the same 
lesions appeared later in the renal parenchyma where the degree of dis- 
tention was probably insufficient to cause actual lacerations. This view 
was substantiated by the results of series 4 and 5, in which it was found 
that if efforts to urinate were prevented, great distention of the bladder 
did not damage that organ until the fourth day', at which time there 
were mild lesions. When one compares this with the fact that jnuch 
less severe distention ruptured the bladder within seventy'-two hours 
if the animal was allowed to strain, it was obvious that pressure, not 
stretching, damages the bladder wall. Final proof was obtained by 
subjecting the bladder to high pressure by the rapid injection of fluid, 
both under normal conditions and while it was enclosed in a small, 
inelastic bag which prevented stretching. Both procedures caused 
changes identical with but less extensive than those due to ligature of 
the urethra. The greater severity of the lesions of urethral ligature 
were doubtless due to the much longer duration of the latter. 

55. Bush, A. D., and McCradie, R. S.: Competency of the Ureterovesical 
Valves, Am. J. Physiol. 68:107, 1924. 

56. Gruber, C. M.: The Function of the Ureterovesical Valve and the 
Experimental Production of Hydronephrosis, J. Urol. 23:161, 1930. 

57. Heidenhain, R.: Die Harnabsonderung, in Hermann, L.: Handbuch der 
Physiologic, Leipzig, F. C. W. Vogel, 1881, vol. 5, pt. 1, p. 299. 

58. Gottlieb, R., and Magnus, R,: Ueber Diurese, Arch. f. c.xner. Path u 
Pharmakol. 45:223, 1901. 

59. Sherrington, C. S.: Postural Activity of ytuscle and Nerve: Ilf Visceral 
Muscle, Brain 38:213, 1915. 
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No iiKcinpl was made to follow the fluid output during retention, 
as was tione l)y Guyon and Albarran, because, as has already been 
liointed out, the fluid output of dogs is irregular even when the intake 
of water and food is constant. 

The lesions of experimental acute retention are strikingly similar to 
those which have been attributed by inan\' writers to sudden emptying 
of the chronicall)' distended bladder. The hemorrhages, the hematuria, 
the renal insufficiency and the suppression of urine (Guyon and 
Albarran) are seen in both. These same changes can also follow acute 
pyelonephritis. I have shown that patients who die after catheterization 
die of infection, and that gradual emptying does not reduce the per- 
centage of infective lesions or influence the mortality in similar 
of cases. Is it necessary, then, to retain the old belief that su en 
emptying of the distended bladder is dangerous? I think not. 

No cfl'ort has been made in this study to ascertain by what media- 
nism the rise in tension which damages the bladder is produce . ic 
literature states that the contraction of the bladder w^ll pro ’ 
increased tension, but it is not certain whethei this is ^ ro } rue 
tain observations made in the course of these experiments , 

it is not. For example, in experiment 3 a retention o cc. ? 
slight changes within twenty-four hours. In 
of the same amount caused more severe damage in o j 
Dog 3 weighed 5 Kg. less than dog 4 and was tl-refore relatn^ 
distended. Furthermore, in experiment 10 a retention of 3 
advanced changes in seventy^-two hours. 

Aside from the important elements of time |J^(.t that 

there seems to be another factor wdiich is lesponsi ^ 
a given retention in one animal may cause a vance ^ 
another it has only a slight eflect. The response of 
a given stimulus is so uniform as to lead one to explanation is 

nation of the varying effects of of the abdominal 

probably to be found in the influence of the ^,,jnate) on 

lall and the diaphragm (i. c., the -l-tary ^ the 

the bladder pressure. The influence of this . p p„cani Dubois,”" 
normal bladder has been recognized by Mosso and ‘ 

Adler,- Hirsch,- Kreutzmann, Rose” and other ^but^im 

been made to separate its effect in uuiiaiy re ^ 

P.: U.ber d.„ Druck- h, der Ha^blaso, DCscbea Arcb. f. M”. 

^'^li.'^Adler,’ A.:^'ueb.r den Druck in der Harnblase '‘"c.v. 50:487, 

Funktion des Blasenmechanismus, Mitt. a. d. Gr g 

1918. , , prpqqnre to Bladder Function, J- 

62. Hirsch, E. W. : Relation of Bladder Pre 

M. A. 91:772 (Sept. IS) 192S. 
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contraction of the bladder wall. The question has been investigated, and 
observations will be reported in a subsequent study. 

I have thus far had the opportunity of treating ten patients with 
marked vesical distention due to prostatic disease. The youngest patient 
was 50; the oldest, 7S. One had a prostatic carcinoma; two had 
fibrous contractures secondary to prostatitis, and seven had prostatic 
hypertrophy. Four had incontinence (overflow) ; three of three months’ 
duration aird one of a year’s duration. Residual urines varied from 
750 to 1,500 cc. 

In all, abrupt emptying was practiced, in three with the catheter and 
in seven with suprapubic cystostomy. In four bleeding developed after 
a definite latent period and was associated with the development of 
bacteriuria and other evidence of pyelonephritis. In the others infec- 
tion and bleeding were present on admission, the latter usually being 
due to previous catheterization; that it preceded the catheterization in 
the hospital was proved b}' the appearance of blood in the first drops of 
urine evacuated and by the presence of dark, clotted blood. 

One patient so nearly reproduces experimental conditions as to 
deserve description in detail. 

Case 4. — C. G., a man, aged 69, had increased vesical irritability for several 
years. Twenty-four hours before admission he had acute retention. His physician 
made an unsuccessful attempt at catheterization, and then referred him to the 
hospital, where he arrived with a distended bladder. The prostate was moderately 
enlarged. Blood was dripping from the urethra. Attempts were made to pass 
first a soft rubber, and then a filiform, catheter. These failed. Suprapubic drain- 
age evacuated 750 cc. of urine containing dark clots. Culture showed a gram- 
positive bacillus. The external surface of the bladder wall was a dusky, bluish red. 
The temperature remained normal for six days, and then rose to 103 F. for two 
consecutive days, following which it returned to normal. The patient was sent 
home with an apparatus for suprapubic drainage and asked to return later for 
treatment of the obstructing prostate. 

In this patient, all three of the factors sharing responsibility for 
bleeding in acute urinary retention, namely, prolonged complete reten- 
tion, trauma and infection, were present. The bleeding cleared up 
promptly with free drainage. Treatment of the obstructing gland was 
deferred because the striking similarity in the appearance of the bladder 
of this patient to that of the dog with experimental retention suggested 
that considerable necrosis had occurred. 

One experiment that would probably settle permanent^ the question 
whether sudden emptying of the distended bladder can of itself produce 
bleeding has not been performed. It consists of measuring the actual 
loss of blood in a series of patients who have been relieved or of 
measuring urinary retention by the indwelling catheter or by a supra- 
pubic tube without any attempt at gradual decompression, and in 
comparing the amount to that in a similar series in which gradual 
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(Iccoinpi cssioti hns been practiced. Ibis can be done by removing the 
)))ood from tlic urine ivith (he centrifuge and converting the hemoglobin 
to acid hematin, from n’liicli the volume of blood actiiallj' lost can easily 
lie reckoned, 

liccausc of the relatively infrequent admission of suitable cases to 
a small urologic service, the investigation of this subject will require a 
number of years. 

SUMMARY 

Tlie literature Ijcaring on the relationship between hematuria and 
urinar}’ retention as well as infection in the urinar}" tract has been 
hriefl)- reviewed. It has been pointed out that the inconstancy of the 
occurrence of hematuria following sudden emptying of the bladder sug- 
gests that some factor other than the mechanical one of sudden emptying 
must be involved. It has been pointed out that in fatal cases the lesions 
following gradual catheterization are identical with those developing 
after sudden empt\’ing, and that the mortality for sudden emptying of 
the bladder is almost identical with that for gradual withdrawal. These 
facts suggest that the rate of emptying of the distended bladder may 
not be responsible for the train of events which sometimes follows 
catheterization and of which hematuria is usuall}" described as typical. 

It has also been pointed out that trauma and infection may play 
important roles in postcatheterization bleeding. Illustrative cases and 
two experiments with animals have been cited. 

A series of thirt 3 --six experiments on dogs has been performed and 
has shown that: 

1. Acute retention interfered with the venous return from the 
urinar}'^ tract. This effect was seen earliest in the bladder, where it 
led to hemorrhage and necrosis in the area of poorest blood supply. , 

2. The upper urinar}^ tract was at first protected both by the 
tendency of the bladder to relax as it fills and by the absence of re ux 
of the urine into the ureters. 

3. Between twenty-four and fort 3 ^-eight hours after the estabMi 
ment of retention the pressure in the bladder became elevated. c 
kidney and ureter then generated pressures sufficient^' high to impair 
their own blood supply. 

4. It has been shown experimentall 3 ' that the critical factor whic i 
leads to injury of the bladder wall during urinary retention is no 
stretching with tearing of the vessels but the rise of pressure, w 
ma 3 ' be quite independent of the volume of urine. 

5. The venous stasis and hemorrhages into the upper urinar) t < 
led to impairment of the renal function after a latent period o t" 
four hours. 
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6. Sudden relief of the obstruction did not of itself produce lesions 
but led to recovery. 

7. The varying intcnsit\- of lesions produced by a given degree of 
distention or by distention for a given ])eriod suggested that some 
mechanism less constant than the contraction of the l)!addcr wall pro- 
duced the rise in intravesical tension. This appeared to be the action 
of the diaphragm and alxloininal muscles (attempts to void). A study of 
their relative role has been made, and it will l)e reported in part II 
of this paper. 

8. A series of ten cases of retention due to prostatism in which ill 
effects did not follow sudden withdrawal of the urine by catheter 
(three cases) or by cystostomy (seven cases) has been reported. 
Hematuria occurred but could be explained adequately in each case by 
infectioi\. trauma, retention or a combination of these three factors. 

CONCLUSIONS 

1. Experimental acute urinary retention in the dog causes venous 
stasis in the bladder with secondary hemorrhage, impairment of function 
and necrosis. The necrosis leads to I'upture of the bladder in from sixty 
to seventy-two hours. 

2. The effect on the kidney appears in about forty-eight hours and 
consists of hemorrhages into the wall of the pelvis and the interstitium 
of the kidney with resultant functional impairment. 

3. Sudden relief of the retention at any time before the bladder 
ruptures does not aggravate the lesions but results in recovery. 

4. Hematuria ma}^ also be produced by infection (cystitis or pyelo- 
nephritis) or instrumental trauma. 

■ 5. A combination of any or all of these factors suffices to account 
for the hemorrhages seen after sudden emptying of the bladder. 

6. In a small series of patients (ten) treated by me, sudden with- 
drawal of the retained urine caused no ill effects. The small amount 
of bleeding is easily explicable as the result of infection or trauma or 
as the effect of the retention itself. 

7. It is unnecessary to assume that sudden emptying of the bladder 
is responsible for the bleeding which often follows. 
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PROSTATE GLAND 


Resection. — Legueu and Dossot stated that the neck of the bladder 
is the seat of verj’ diverse lesions all of which end in the same trouble 
deficiency of its opening at the time of urination. The rational treat- 
ment of this condition is, therefore, destruction or section of the neck 
and of the relaxed sphincter. Section can be done through the open 
bladder. When dealing with macroscopic h)'pertrophy, whether adenoma 
or carcinoma, the endoscopic route should not be used. 

The authors stated that it is illogical to attack a carcinoma of the 
prostate gland by the urethral route in the hope of opening a passage 
for urine. This is similar to attempting to treat neoplastic stenosis o 
the pylorus by destro)dng the carcinomatous buds with a curet. 

The authors further stated that in dealing with microscopic lesions, 
whether h3'^perplasia of the neck of the bladder, an inflammator}'^ process, 
a congenital lesion or a lesion of the nerves, good results can be o tame 
by endoscopic methods. 

Dorman reported that the first 30 transurethral pi ostatic 
that he performed were carried out without a fatality, except t ^ 
patients died later as a result of carcinoma. His thirty-first an , 

second patients died. He stated that patients who know o transu 


32. Legueu, Felix, and Dossot, R. : The Endoscopic Dysectasis 

of the Vesical Orifice, Urol. & Cutan. Rev. 37:32 (Jan.) ^ 

33. Dorman, H. N.: Personal Observations in Prostatic Resec , 

29:361 (April) 1933. 
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resection choose this operation rather than prostatectom}'. Physicians 
who have had an opportunity to see a transurethral resection properly 
perfoi'ined are impressed with the speed and the simplicity of the oper- 
ation. the lack of danger accompanying it and the astounding immediate 
results. 

Dorman explained the simplicity of the procedure. It is easy for 
the patient in comparison with prostatectomy. No operation that the 
urologist is permitted to perform requires more careful attention to a 
multitude of details, more care and skill in the actual performance of 
the operation and more meticulous postoperative care than transurethral 
prostatic resection. The urologist who is fitted by previous training 
and .by temperament to undertake this work can offer his patient some- 
thing really worth while that the prostatectomist never can duplicate, 
something that suffering humanit}' sorelj' needs and something that will 
incur the everlasting gratitude of patients. 

Ryall and Millin described their prostatic excisor. This instrument 
differs little from the resectors used in the United States. It has a 
straight endoscopic sheath, a loop electrode worked by a rack and pinion 
and a direct vision telescope. Instead of the loop alone moving on the 
rack-and-pinion mechanism, the telescope and lamp also do so. In this 
way the loop is visualized with identical illumination and magnification 
throughout the whole of its excursion. Moreover, almost the whole of 
the loop is visible, so that during cutting when the lower portion of the 
loop is embedded in tissue the upper part is clearly seen. The whole 
procedure is thus visualized. The authors stated that with the armamen- 
tarium now available it is feasible to resect as much prostatic tissue as 
thejf please. Although agreeing with McCarthy and others that it is 
often sufficient to gutter the posterior commissural region and establish 
a shelving floor, they prefer when possible to resect widely, attacking 
the lateral lobes also. When a very large gland is to be treated, they 
choose to operate in two stages rather than to subject the patient to a 
procedure lasting more than forty-five minutes. The indwelling urethral 
catheter is retained for the five to seven days that elapse between the 
two stages, as the coagulated area in an imperfectly emptying Ifladder 
predisposes to an ascending infection. 

Ryall and Millin stated that they found that transurethral resection 
as applied to malignant growths of the prostate gland, although fre- 
quently a most satisfactory procedure, causes more prolonged post- 
operati\-e discomfort than it does in cases of benign enlargement of the 
gland. The sloughs take longer to separate. Probably not more than 
5 per cent of obstructions of the prostate gland could not be dealt with 
by transurethral resection, but the authors feel convinced that it is 

3t. Ryall. E. C., and Millin, Terence: Endoscopic Resection of tlie Prostate: 

Survey, Urol. S; Cntan. Rev. 37:52 (Jan.) 1933. 
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tin(lrsiral)i(i to a])])ly the procedure in more than 75 per cent of the 
eases. In carl}- case.s it is j^rohably of great prophylactic value. In the 
advanced “had ri.sk’’ ca.se, in which prostatectomy is contraindicated 
even after jjrolonged drainage, transurethral resection has a very definite 
place. As the authors stated, resection in two stages maj^ be indicated 
in cases of very large obstructions in the gland, and it is their practice 
to employ a temporary suprapubic tube in some cases of this t3’pe in 
which infection in the urinaiw tract might well tip the scale. For rela- 
tivelv \'nimg men wh(j have considerable enlargement of the prostate 
gland and whose cardiovascular and renal function is good, Ryall and 
Millin prefer sujiraj)uhic enucleation unless this is otherwise contra- 
indicated. The expectation of life of such a patient is usuall}' reason- 
abl}- long, and the rain'd development of the hyperplastic process 
sug-gests “e.xuberance’’ : therefore a recurrence may develop within a 
short time after resection. 


Rvall and Millin almost invariably employ a “low spinal anesthesia.” 
From 6 to 10 cc. of 1 : 500 nupercaine in 0.015 per cent saline solution 
warmed to body temperature and introduced intrathecall}' gives excel- 
lent analgesia of sufficient duration for any form of resection. In their 
experience, sacral analgesia is less reliable and its administration is 
no less unpleasant for the patient. They have carried out transurethral 
resection on 73 patients with but a single death, and in that case there 
was a malignant growth. Excluding 6 cases of malignant growth, 67 
benign enlarged glands were resected without causing a death. There 
was no selection of cases, and in no case was resection refused. The 
ages of the patients A-aried from 54 to 88 . and in some instances the 
blood urea content Avas as high as 136 mg. in each 100 cc. after drainage 
for three months. In only 3 cases Avas cystotomy necessary subse- 
cjuentty. These 3 accidents occurred in the first 13 cases, Avhen the 
authors were Avorking Avith a varying technic. Since then resection has 
been carried out in 60 cases AAuthout an unfortunate incident. 

The authors concluded that endoscopic resection of the piostate 
gland deserves a definite place in urologic surgery. It calls for tie 
highest degree of technical skill and if carelessly used may Ic^f 
disaster of the greatest magnitude. 

Luys,®^ of France, stated that since the discovery of electrocoagu a 
tion and of its practical application in the field of lnolog}^ he 
last been able to establish the operation AAdiich he calls forage 
prostate” and to make it both practical and completely effectiA e. ^ 
operation consists of holIoAAung out a channel through the 
prostate gland by Avay of the natural passages and b} means o 

3S. Luys, Georges : The Endoscopic Surgery of the Vesical Orifice, Urol. & 
Ciitan. Rev. 37:34 (Jan.) 1933. 
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coagulation under direct vision. A tunnel is formed to permit a free 
outlet for urine by the removal of all obstacles which interfere with 
urination. From this definition it is evident at once that forage of the 
prostate gland is a much more extensive intervention, and much more 
radical and complete, than simple endoscopic resection. It destroys all 
the obstacles which obstruct urination, whether situated at the vesical 
orifice or in the prostatic urethra. It levels all proslatic protuberances 
and furnishes an absolutely straight canal, through which not only do 
sounds pass easily hut the patient is able spontaneously to urinate and 
empty the bladder. 

The author stated that various other methods described by different 
urologists have the same principal fault; namely, they are incomplete. 
First, because they attack only the vesical orifice, they are unable to 
destroy the prostatic obstruction totally, and second, because they apply 
the destructive agent, which is electric heat, under water, they diminish 
its power of action considerably. Luys’ so-called forage of the prostate 
gland destroys all prostatic obstructions and has a thermic destructive 
action infinitely more powerful than that of other methods because 
it operates in a dry field without the intervention of water. 

Forage of the prostate gland consists of repeated coagulation of 
sections of the obstructing gland at repeated sittings, the manner of 
application being similar to simple fulguration of a vesical tumor. The 
burned area is then left to slough out. A warning was given to beware 
of hemorrhage. Luys concluded that forage of the prostate gland, 
properly performed, gives perfect and lasting results, and that the 
operative mortality may be regarded as zero. 

Joseph stated that transurethral resection of the prostate gland 
still hides a considerable amount of danger, the mortality not being 
notably less than that resulting from the now technically perfected 
operation of prostatectomy. Therefore, he cannot make up his mind 
to employ to any great extent the instruments constructed in the United 
States for 'diminishing the size of the prostate gland, as he considers 
the danger of bleeding and sepsis, especially perforation, to be just as 
great as the danger involved in a modern prostatectomy. If the patient 
on account of advanced age and poor general condition appears unsuit- 
able for prostatectomy, Joseph recommends either permanent suprapubic 
drainage or vasectom}'. 

[CoJiiPiLERs’ Note. — Joseph’s remarks reflect the opinion of a group 
of continental surgeons who were prominent from twenty to thirty years 
ago. Their former indifferent opinion of the skill and technic of 

36. Joseph, Eugene: The Present Position of Endoscopic Operations in 
Prostatic Hypertrophy and Prostatic Atrophv, Urol. & Cutan. Rev 37-59 ("Tan 1 
1933. 
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.American surgeons lias been greatly altered in the last ten years. 
U'nfjnestionably, tlie reports of cases of transurethral prostatic resection, 
if read bv Joseph, deserve a more favorable review. Transurethral 
resection of the prostate gland is practiced in London to a certain 
e.xtent, and the instriiinents are modeled after those used in this country. 
I'lie operation is jiractically not done in continental countries. In the 
^•ariou.s discussions at the recent International Urological Congress, the 
ojicration was favorabl}- commented on by English surgeons but either 
was not discussed or ■was commented on unfavorabl}' b}' the urologists 
of France and Germany.] 


Bumpus stated that prostatectomy has been performed at the Mayo 
Clinic only 3 times since August, 1932. In the same period approxi- 
mately 250 patients were treated transurethrally. This new method 
of treating prostatic obstruction has increased the work m this he 
to such an extent that more patients with prostatic obstruction were 
treated during 1932 than in any other year of the clinic’s history, an 
of the 276 patients on whom transurethral resection was per or 
none died. The decrease in mortality among aged patients is mos 
gratifying, as is also the short period of convalescence, which is ) 

about one week in the hospital. aicpase 

In addition to shortening the postoperative course 

this method has diminished the time required 

tion. It has long been the belief that preliminary ^ gee- 

can improve a patient’s condition only if maiked rena i p j 

ondary to obstruction has occurred or if considerable 
is present. If these two conditions are absent, it oes i 

that preoperative drainage can be of any undertaken in 

may result in a much poorer surgical risk fo therefore, 44 

the absence of infection it often has produced m ec ^ diagnosis 

per cent of the patients were operated on imme la e y ^ d that 

was made, and the satisfactory postoperative course d m^nst 

this departure 

Bumpus stated that in almost all of before operation, 

was used in the last six years there on the other hand, 

in large amounts in some instances. Aft p ^ 3 q cc. ; 

more than 300 patients had no residti^al ^^me Oj diis 

20 had from 30 to 60 cc., and very few had hundred 

group there were 7 deaths— a mortality o • .^vithout any deaths, 

and ninety-one consecutive patients were ope ,|,is form 

Some doubt has been e.vpressed as to P „„ditraii ins 

of treatment. Among this group of 499 pat.ent 

H. C, fr.: Transaretbra, Seraery, Pr.c Su* bfc.. • 

8:204 (April 5) 193.-). 
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been known to recur 11 times. Two patients weie lelicr ed by subse- 
quent prostatectoniN', and 9 underwent resection a second time. Er’en 
in repetition this procedure seems preferable to prostatectomy. 

Bumpus expressed the belief that the instrument developed b}^ him, 
a tubular knife with which the tissue is excised, gives better results 
than the wire loop electrode which was used on about 50 of these 
patients. Excision with a cold knife results in much less coagulation 
of tissue than does excision by means of a high frequency current, 
and therefore less coagulated tissue is left to act as a secondary source 
of infection or to produce delayed bleeding by the late breaking away 
of the scar. Moreover, in his experience, an incised wound heals more 
rapidly than a cauterized wound. Although bleeding in a more or less 
severe form was a complication of convalescence in 5 per cent of the 
cases, it was never a contributory cause of death ; it usually can be easily 
controlled c 3 'stoscopically if the patient has not left professional 
observation. 

Bumpus stated that the largest amount of tissue removed so far 
by this method weighed 63 Gm. Considering the fact that probably 
not more than a fifth of the hypertrophied gland has to be removed to 
restore adequate function, the ability to remove this amount of tissue 
bears testimony to the general applicability of the method. In 575 
recent consecutive cases in which prostatectomy was performed, only 
32.1 per cent of the removed specimens weighed more than 50 Gm. 

Foley®® discussed the instrument that he uses and his methods of 
removing obstruction from the neck of the bladder. The sheath and 
the working elements of his instrument are introduced through the 
urethra. The tip of the instrument, containing the light, can be turned 
to a right angle; from the extreme tip a cutting wire passes down to 
the shaft of the instrument. Traction on this electrode wire bends 
the deflecting arm of the lamp down to a point at which it illuminates 
the vesical neck. The cystoscopic field of the telescope gives a mirror 
image of the object. Several radial incisions are then made into 
the body of the prostate gland. In making these incisions the 
electrode conduit is slid down the telescope to a point of sufficient travel 
to make the necessary cut. The lower end of the cutting element is 
thus carried down into the urethra and the upper end is projected 
toward the periphery of the gland, and its length cuts back into the 
gland. After a number of these radial incisions are made, the instru- 
ment is rotated. Rotation of the instrument progresses from one of 
the radial incisions past the one next to it, so that the block of tissue 
between the two is completely severed from attachment. Bv further 

38. Foley, F. E. B.: The New Surgery of Bladder Neck Obstruction Urol 
& Cutan. Rev. 37:17 (Jan.) 1933. 
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rotation of the instrument in the uretlira, the incision is completed. The 
segments which arc removed by this method are usually from four 
to ten times the size of those removed by other instruments. Foley 
stated that for dcaliniy: with bars, contractures and small ly^pertrophied 
f,dands. the new type punch instruments in ordinary usage at present 
are entirely satisfactory. Jn cases of extensive enlargement, the punch 
type of instrument presents considerable disadvantage. This disad- 
vantage is practically eliminated by the Foley excisor. 

ITerbst stated that it would be difficult at this time to determine 
all the indications for elcctrorcscction. There is little question but that 
it will rcjdace operations with punch instruments. In the short peiiod 
in which it has been used, it can be fairly stated that it is the operation 
of choice in cases of moderate h 3 'pertrophy of the lateral lobe, of 

hypertrophy of the middle lobe, of formation of median bars and of 

fibrosis of the neck of the bladder. Whether it will prove to be a 
practical procedure for the correction of intrusions of the large atera 
lobe is a question which only the future can answer. Herbst expressed 
the belief that it is a fair assumption that men who have become Svi e 
in this method are today using it in at least 75 per cent o cases 

urinary obstruction caused by the prostate gland. _ 

WinsburyWVhite contended that transurethral resection o 
prostate gland will not replace prostatectomy and that its use saou 

be limited to cases of fibrous obstruction. _ inrcyplv 

Perineal prostatectomy has had little vogue hi Great ? 

because the exponents of the suprapubic operations laie la ^ ‘ . 

ence with it and because of the unwarranted fear o pos 
urinary incontinence. This can be obviated by proper ec 

described the method that he employed in 40 of technic are 

to avoid this complication. The important features o i 
preliminai-)^ suprapubic cystostomy with preserva ion o 
capsule to be sutured over the reconstructed "f^ra and nasto 
o7.he st„n,p of the dfvided urefl.ra ,o the oa* of 
resutured prostatic capsule is secured fiiml) P provide 

lying superficial to the compressor urethiae muse e i readjusted 

support for the new posterior portion of the ^ ^ and large 

vesical base. In this way the prostatic space is obliterate 

scars are avoided. . to facilitate this 

Winsbury- White has devised several ins i urn t 

procedure. He uses for drainage m enter the bladder, 

ing catheter and a perineal tube which does n 

“” 39 . Herbst, R. H.; Electro Resection of the Prostate Gland. Ur ' 
%'^4'sbu?3”whitf^ P.: Perineal Prostatectomy, Brit. T Urol. • 

(June) 1933. 
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' Secondary hemorrhage is rare. In 2 cases it was necessary to remove 
a few sutures and to wash the clots through the perineum. Recto- 
urethral fistulas occurred twice and were avoided in 2 other cases by 
performing suprapubic enucleation after the rectum was opened but 
before the opening of the nvetbva.. 

The author prefers prostatectomy in two stages to suprapui)ic pros- 
tatectomy, with which he has had considerable experience, because it 
is easier to stop hemorrhage, there is less operative shock, complications 
due to infection are fewer and convalescence is smoother and less 
eventful. 

Day stated that transurethral resection is here to stay. With 
continued and increased experience, and with perfection of instruments 
and of technic, some of the major worries and fears have been largely 
overcome, and dangers and deficiencies have in a measure been brought 
under control if discretion is obsei'ved. The author stated, however, 
that in huge adenomatous prostate glands, resection is both unsatisfac- 
tory and needlessly dangerous. 

Chetwood^^ expressed the opmion that endo-urethral resection of 
the prostate gland in accordance with the modern technic is a valuable 
and efficient procedure in many cases of obstructing prostate gland. 
He stated that the types of obstruction for which this technic is best 
suited are the fibrous or fibro-adenomatous enlargements of the gland 
and the bar and lobe formations of minor degree, removal of which 
can be completed without too great destruction of tissue or too long an 
operation. The open operation of prostatectomy is best suited to some 
cases of prostatic obstruction, particularly those with pronounced lobvr- 
lar, bilateral and median enlargement of the gland ; in these cases, with 
proper preparation the skilled operator attains a low degree of mortality 
and a promise of a permanent and satisfactory end-result. The com- 
bined operation of suprapubic incision and removal of tissue by a 
diathermic excisor may be appropriately applied in cases in which 
direct vision and drainage are important factors. 

Davis and Owens stated that transurethral resection of the pros- 
tate gland, properly employed in selected cases, is undoubtedly a valuable 
procedure. The majority of surgeons believe that this operation will 
partially replace, but not supplant, prostatectomy. The immediate results 
of transurethral resection in selected cases, seem to be satisfactory. The 
ultimate results can be determined only by time. The chief advantage 

41. Day, R. V.; Transurethral Resection of the Prostate, Urol. & Cutan Rev 
37:50 (Jan.) 1933. 

42. Chetwood, C. H.; The Obstructing Prostate, Urol. & Cutan Rev 37-44 
(Jan.) 1933. 

43. Davis, Edwin, and Owens, C. A.: Prostatectomy and Transurethral 
Prostatic Resection Compared, Nebraska 3^1. J. 18:41 (Feb.i 1933 



982 


ARCinVES OF SURGERY 


oijerccl to tlic ])alioi]t by tlic transurctbral method is a decreased period 
of hospitalization. Preliminary drainage, however, is just as essential 
as before [)rostatectomy. It seems doubtful to the authors whether, 
in the last analysis, considering the mortality rate and the immediate 
and the ultimate functional results,- the transurethral method offers the 
patient as great a degree of as.surance of continued health and comfort 
as does perineal prostntectomy. 

Lewis and Carroll gave a timely warning against too great enthu- 
siasm for transurethral resection of the prostate gland. They stated 
that from reports of the experience of capable operators in variou.s 
I)arts of the country it may be deduced that it is not only erroneous 
but dangerously misleading to teach that resection is a “minor” opera- 
tion. At present, it has not reached a state of perfection that justifies 
the assertion that it rvill supplant prostatectomy. It is the responsibility 
of the operator to draw the line of demarcation between the patients 
that are fit and those that are unfit for undergoing resection, main- 
taining an open mind to the advantages and the disadvantages, as well 
as the appropriateness, of each operative method. 

Caulk, after a careful scrutiny lasting over a period of twelve 
)fears, stated that he was convinced from his observation of the cases 
in which operation was performed with punch instruments that trans- 
urethral resection can be effectiveh’ employed for the removal of at 
least SO per cent of all prostatic growths, benign or malignant, and 
that it can be used for the removal of growths of immense dimensions. 
He stated, however, that in the case of A'er)' large growths, if the patient 
presents a good surgical risk it is wiser to remove the growth suigicall), 
since it requires more time to relieve the obstruction by transiu ethral 
means. If the patient is young and in good condition, the chance o 
a fatal result of prostatectomy is slight; but old patients present a 
poor surgical risk, and if time is not to be considered the tiansmetna 
method is the operation of choice. It must be performed by repeate 
operations rather than by extensive remoA^al at any one tune. 

For years Caulk has pleaded for simplicity in transm ethral opcia 
tion and has advocated multiple stages; in cases in which instuimentat ^ 
is short, the absorptive surface is slight, the chance of 
minimized and the danger of complications resulting from anes 
is practically eradicated. E.xtensive and prolonged tiansinet ira ] ^ 
tions on the prostate gland are menacing the lives of patients 
more than well conducted prostatectom)'' has for }cars, anc 


44. Lewis, Bransford, and Carroll, Grayson: Prostatic Resectio 

the Moonlight and Roses, Urol. & Cutan. Rev. 37:1 (Jan.) ’ , for the 

45. Caulk, J. R.: The Present Status of transurethral 
Removal of the Obstructing Prostate, Urol. & Cutan. Rev. 
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urologists realize the seriousness of such performances, the progress 
which has been slowly and substantially developing will be shattered. 
Caulk further stated his conviction that it is not a part of prudence 
to perform extensive transurethral resection with the type of drainage 
that can be afforded by the urethral catheter. 

' Caulk still feels that light scaring by means of cauterization is 
superior to any form of resection with a high frequenc}- current in that 
it is easily controlled and the depth of burning is entirely understood, 
and consequently necrosis and secondary hemorrhage are less likely to 
occur. The greatest testimony to this is that he has seen but 1 or 2 
secondar}^ hemorrhages in 800 operations. 

Caulk stated that the serious feature of the transurethral method 
at present is the competitive struggle for supremacy on the part of 
the different manufacturers of instruments and the placing of such 
tools in the hands of the incompetent, untrained operator, who is 
informed that the instrument is almost fool-proof, and that any one 
can use it without danger. He stated that it must be realized that these 
operative procedures require the utmost skill and delicacy of technic, 
that patients need the same preparation that is required for major opera- 
tions and that no unnecessary chances should be taken either in operating 
on unprepared patients or in working under the sublime delusion that 
the electrical instrument will do the job. It must be made equally 
impressive that the postoperative care of the patients requires the most 
stringent attention to detail if the ultimate purpose of operation is to 
be attained. 

Levy and Goldstein resected the prostate glands of 19 selected 
patients. Three died (a mortality rate of 15.7 per cent) ; 2 of the 
deaths were due directly to the operation. Ten (52.6 per cent) of the 
19 patignts had serious complications following the operation; 14 (73.7 
per cent) claimed improvement in one form or another, and only 8 
(42.1 per cent) stated that they obtained complete relief from symptoms. 

The authors stated that in studies made at necropsy in 2 cases it 
was observed that comparatively little tissue was removed even though 
many sections were made. Slight scarring was visible after healing 
had taken place. 

Sufficient preoperative care should be given the patients. The 
average preoperative stay in the hospital was twenty-seven and seven- 
tenths days, and the average postoperative stay, twenty-one and nine- 
tenths days. The authors stated that cystoscopy and tests for residual 
urine should not be carried out until four weeks after the operation • 
otherwise a true picture will not be obtained. 

46. Le^r. C. _S., and Goldstein, A. E.: Clinical and Postmortem Study of 
Prostatic Resections, Urol. S: Cutan. Rev. 37:55 (Jan.) 1933. 
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Stern '■ wrote tliat liis purjjose was not to add anything to the 
argument for or against the method of transurethral resection for 
operation on tlic prostate gland ; it was rather to direct attention to the 
legitimate field of application of this method, to advise fitness of the 
jralient as a criterion on which to base a decision to perform resection, 
to suggest a method for the accomplishment of the operation and, most 
important, to advise those entering the field concerning the complica- 
tions and risks. 


Lyiiiphafic Stntchtres . — Llorca and Botar'*® made 50 preparations 
of the prostate glands of human fetuses, new-born infants and children 
with a view to studying the arrangement of the lymph nodes of the 
organ. They observed that the lymplmtic structures leave the prostate 
gland at the lerml of its upper and posterior parts, either following 
various arteries (anterovcsical, prostatic, superior hemorrhoidal) or 
canals (vas deferens, ureter) or take a route independent of these 
organs. The}' terminate in all the ganglions of the bony pelvis, in 
most of the external iliac ganglions and in the inferior mesenteric 
ganglions. The prevenous ganglion in front of the bifurcation of the 
primitive iliac and hypogastric ganglions receives the greater portion of 
the lymph from the prostate gland. The highest ganglion with which 
a direct lymphatic connection exists is the lowest left para-aortic gan- 
glion ; the lowest one with which there is a connection is the median 
retrocrural ganglion. 

After the lymphatic structures issue from the right and the left 
part of the prostate gland, they may cross the median line either on 
the antei'oposterior surface of the bladder or on that of the promontor} 
and reach the opposite side. The collecting lymphatic structures o 
the prostate gland communicate also with those of the rectum.^ 

Clinical findings confirm the anatomic findings when evidence js 
submitted that the groups of ganglions most commonly inva e 
carcinoma of the prostate gland are the hypogastric and the exteri ^ 
iliac, after which come the para-aortic. The invasion of the last 
ganglions may be direct, by way of the hypogastric and externa J ‘ 
chains, which is rare, or indirect, b}’^ the visceral route t iroug 


hemorrhoidal chain, which is the usual route. _ 

The rarity with which carcinoma of the prostate gland mra 
inguinal lymph nodes may be due in part to the fact that mw 
these nodes may occur by either of two different routes. 
grade route from the external iliac nodes to the inguma no , 


"Tlic 


' 47. Stern, Maximilian: The Stern Method of Prosfatic Resection . 

Improved Resectoscope,” Urol. & Cutan. Rev. 37:7 (Jan. nrosfaic, Ann. 

48. Llorca. F. O.. and Botar, J.: Collecteurs lymphat.qnes de la prost 
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extension of infection from the neoplasm to the perineum, tlic lower 
part of the rectum and the anterior portion of the urethra, and thence 
to the inguinal nodes. The great frequenc_v of invasion of the bladder, 
on the other hand, is well explained b)^ these anatomic researches. The 
infiltration reaches first the vesicular muscularis and later the mucosa. 
The authors think that this route is due to the intimate relations between 
the collecting Ijunphatic structures of the prostate gland and the muscular 
layer of the anterior surface of the bladder. They have also proved 
that these collectors frequently pass into the prevesical ganglions. 

The frequent occurrence of metastasis to bone, particularly into the 
sacrum and the lumbar part of the spinal column, is explained better 
by lymphatic than by hematogenous transmission. Metastasis to bone 
may be secondary to the primary involvement of the presacral or of the 
para-aortic ganglions, which, as has been seen, receive lymph from the 
prostate gland and also from these bones. Here a retrograde route 
from the ganglions to the bony region would have to be assumed. All 
these considerations show the enormous difficulty involved in surgical 
treatment of carcinoma of the prostate gland. 

Diverticulum — Heitz-Boyer stated that troubles resulting from 
the formation of diverticula in the prostate gland are always caused 
by a disproportion between the size of the orifice leading from the 
diverticulum into the prostatic urethra and the size of the bottom of 
the diverticulum itself. The variety of planes that the diverticula 
may occupy makes it indispensable to make three urethrograms (one 
anteroposterior view and two lateral profiles, one right and one left), 
thus giving two oblique views ; an anteroposterior view alone might 
leave a diverticulum undiscovered. Since these formations are often 
multiple, in the form of a bunch of grapes, the failure to discover one 
of them may render useless all therapeutic attempts. 

Congenital diverticula may exist but are rare. Usually these struc- 
tures are acquired as the result of earlier suppurative prostatitis, often 
a number of )fears previously. A small abscess, possibly microscopic 
and unrecognized, constitutes the first stage. The second stage is a 
period of latency, lasting for five, ten or even fifteen years, until some 
secondary infection, perhaps from the urine, is grafted to one of these 
cavities, producing the third stage, namely, secondary septicemia of 
prostatic origin, which brings the patient to the physician. The infec- 
tive agents are usually colon bacilli or enterococci, but may sometimes 
be staphylococci. 

The local symptoms are those of cystitis, but these are accompanied 
by general disturbances which are often characteristic: phenomena of 

49. Heitz-Boyer; I,es formations diverticulaires cie la prostate, J d’urol 36-49 
(July) 1933. 
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intoxication, a constant sense of fatigue and incapacity for work; in 
extreme cases, loss of weight, constant fever and the gravest symptoms 
of septicemia. The diagnosis is made by urethroscopy and iiretliro- 
grapliy; in addition, rectal palpation may reveal a more or less marked 
depression at the level of the cavity. For urethroscopy Heitz-Boyer 
uses a special instrument with a double or even a triple optical system 
and a double fenestra, which he regards as indispensable. 

Treatment is by endoscopic resection with a high frequency cutting 
current, and the operation is carried out in two stages. It consists of 
enlarging the orilicc and breaking down the partitions that sepaiate 
the numerous deep ramifications, which are often difficult to destiov- 
The close proximity of the rectum Avarns the surgeon not to take any 
step without the most perfect visualization of the operative field. The 
final destruction of eATr\- honeycomb cavity may not be feasible if tie 
patient rebels against undergoing a second operation. In such cases i 
may suffice to finish with curettage by cold or warm etmcelage, winch 
will disinfect the alveolar mucosa and so accomplish a clinica cu e 
catheter must be left in place for at least a week. Care must e a 
not to engage the tip in an immoderately enlarged diverticulum, 
may be accomplished by using a Guyon sound with double curvature. 

[Compilers’ Note.— It is obvious that when a 
ruptured into the urethra the remaining cavit}' is almost cer am 
an acquired type of urethroprostatic diverticulum. 

Gutierrez and Lowsley have thoroughly 
of acquired and congenital diverticula which aie foun jj 3 

They have reported 7 such cases and have reviewe an 
cases from the literature. There is no doubt tia genitalia 

there is persistent disturbance of urinary unction a ^ 
of unrecognized origin, a urethrocystogram ivi o n retentive 

ence of a concealed sac or cavity, Avhich when it ^ 
type represents a true pathologic and surgical en i y.J 

% 

UROGRAPHY ^ 

In the course of one year, 1,216 urograms 432 by tiic 

Clinic, of which 734 ivere made by the m ra proportion of 

retrograde method, or a ratio of that observed 

intravenous urograms is 7 j j necessary, in 

most clinics, and it may be asked j neoiopax as the 

of the expense involved. The chmc has been . ^ 

"To. Gutorez, Robert, and Lo'vsiy, O. S.: Divert^ 

„ed. y cir. de la Habana 33:229 (AP" 0 f ; Ge..cllscb. f- U-’' 

Harnrohrendivertikel m.t Projekt.on, Verhancll. 

3:312, 1929. 



SCHOLL IIT AL.—UROLOGIC Sl'RCIiRV 


987 


medium of choice because of the better visualization that it produces. 
The price of the drug has lieen reduced practically one-half. Braasch ■'* 
stated that it was his understanding that another urographic medium 
is about to be put on the market which is to retail at less than SI an 
ampule. Regardless of this, he stated that intravenous urography affords 
data which can be acquired in no other way and that tmdouiHedly it 
prevents a considerable number of unnecessary cystoscoj^ic examina- 
tions. On the other hand, there are definite limitations to the diagnostic 
value of intravenous urograms, which should be clearly understood. 
The greatest value of the method lies in the demonstration of renal stasis, 
such as occurs with hydronephrosis. This condition often can be dem- 
onstrated much more clearly by intravenous urograph}-. It is also of 
value in the interpretation of shadows in the region of the kidney and 
the ureter. In many cases of lithiasis in which intravenous urography 
is used, cystoscopy is unnecessary, as a complete diagno.sis can be estab- 
lished by the former method alone. Often it is used to visualize a 
normal pelvic outline and to show normal renal function on the opposite 
side. For a number of purposes, however, such as the determination 
of the source of hematuria, the localization of tuberculosis and the 
identification of abdominal tumors, the evidence afforded is distinctly 
misleading. In fact, in all cases in which pyuria and hematuria are 
predominant, cystoscopic examination is necessary in order to exclude 
the bladder as the possible site of origin. In other words, the data 
obtained by intravenous urography and those furnished by cystoscopy 
are usually complementary, and the combined use of the two methods 
permits of greater accuracy than was formerly possible. The value of 
intravenous urography as a test of renal function should not be over- 
looked, since it often gives a better idea of differential renal function 
than does any other test. 

Moore stated that in 50 cases in which neoskiodan was employed 
intravenously for urography, the following advantages were noted : The 
substance does not cause pain on injection; it produces shadows of 
excellent density and detail in the urinary tract, and its intravenous 
administration has produced almost no systemic symptoms. The volume 
of solution used for injection into adults is small (20 cc.), and the 
quantity of the substance required is only 7 Gm. The aqueous solution 
is stable. So far, Moore’s experience leads to the impression that 
neoskiodan more nearly approaches the ideal medium than any other 
agent developed for urography. 

51. Braasch, W. F.; Report of the Section on Urologv, Proc. Staff Meet 
Mayo Clin. 8:201 (April 5) 1933. 

52. Moore, Thomas D.: Excretion Urographv with Neoskiodan T Urol 
30:27 (July) 1933. 
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Swick presented a recent development for use in urography, 
sodium ortho-iodohippurate, which has many advantages. It is inexpen- 
sive, lias no toxic effects and can be administered in a small volume of 
diluent. A comparatively small quantity^ of the salt is required for 
satisfactory urograms. Good results have been obtained by oral admin- 
istration as well as by^ intravenous injection. 

Scott stated that in the making of pyelograms great pressure of 
the injected medium does not enlarge the diameter of the ureterographic 
shadow beyfond that of the normally' filled ureter. Py'elovenous back- 
flow can occur with the range of pressures ordinarily used in making 
clinical py'elograms. The form of the renal pelvis and the presence of 
disease are apparently' not factors in producing this phenomenon. Occur- 
ring as it does at low pressures, pyelovenous backflow is an adequate 
ex23lanation of some phenomena occurring in the pathologic physiology 
of ureteral obstruction and of some reactions occurring in clinical pye- 
lography. Injection into the collecting tubules of the kidney may occur 
with the pressures used in clinical pyelography'. It is independent of 
pyelovenous backflow and in the pyelogram may readily be distin- 
guished from it and from extravasation. 

Hennig and Lechnir demonstrated in vitro and in vivo that thoro- 
trast (a thorium dioxide contrast medium) is precipitated when mixed 
with urine. In roentgenograms of the cystic kidney, this precipitation 
forms shadows that have a peculiarly' level upper surface. These can 
be recognized in the roentgenogram when the patient is standing. Tlic 
authors stated that in their opinion this is the most accurate metliod 
for the diagnosis of sacculated kidney'. 

Sartorius and A^iethen made a study of the various substances in 
use for retrograde py'elography'. The complex iodine compounds whic i 
are in general use (iopax and other preparations) are entirely satis ^ 
factory and pei'init a painless, nonirritating py'elogram; consequent}, 
they were accepted by' these authors as the best contrast mediums lor 
intravenous injection. They' also showed that the colloidal tioriu 
dioxide preparation has the same advantage as these various lOf n 


53. Swick, M. : Excretion UrograpIi3' by Cleans of the Intravenous am 

Administration of Sodium Ortho-Iodohippuratc : With Some Pnsioog 
siderations, Surg., Gynec. & Obst. 56:62 (Jan.) 1933. ,r r T Urol 

54. Scott, D. E.: The Effects of Pressure of Pyelographic Mediums, j. 

30:39 (July) 1933. . , .....mcraiUr 

55. Hennig, O., and Lechnir, J. ; Spiegelbildung in Sacknicren na ^Tjercii, 
Pyelographic mit Thorotrast, eine neue Darstellungsweise erwei e 

Ztschr. f. urol. Chir. 37:60 (April 22) 1933. -rmientellc Unter- 

56. Sartorius, F., and Viethen, H.: Kfinische Pvelographic 

suchungen zur Fragc der Kontrastmittelwahl bci der re ‘ Q,fr. 

insbesondere iiber die Verwendbarkeit des Thorotrastes, - 
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preparations ; moreover, it may Ijc used in weaker dilutions and is 
therefore less expensive. It has the disadvantage, however, as has 
been shown on several occasions, of becoming stored in the kidney and 
causing trouble. This rarely happens when only slight pressure is used, 
but in occasional cases of extensive disease it may cause trouble. 

Sporl,''" in accounting for the dangers usually thought to be asso- 
ciated with the introduction of gas into the renal pelvis and the bladder, 
made an investigation of this procedure. He stated that it is of value 
in certain cases and that if a correct technic is used the introduction 
of gas into the renal pelvis and the bladder is comparatively harmless. 
He advised the following precautions; (1) substitution of oxygen for 
air; (2) careful conti'ol of pressure and fractional injection; (3) limi- 
tation of the amount of oxygen introduced into the bladder to 150 cc., 
and (4) avoidance of the use of this measure for patients who have 
cardiac or pulmonary disturbances. 

Verriere carried out experiments to discover what would become 
of a foreign substance (in this instance, 5 per cent India ink in the 
physiologic serum) injected into the renal pelvis and left in place for 
a certain time, with the ureter tied, during which the animal resumed 
its normal life. The lower end of the ureter in some cases served as 
the point of entrance; in others, the ink was carried directly into the 
pelvis or into the extremity of the urinary conduit; care was taken 
to avoid infection, pyelovenous reflux and excessive loss of blood. 

After from half an hour to twelve days, India ink was discovered 
in 13 of 15 animals within the cells of the mucosa, chiefly on the papilla 
and at its base, and even in the uriniferous tubules. This phenomenon 
began half an hour after injection, attained its maximum in six hours 
and then progressively disappeared. In 11 cases the substance was 
found in the collecting tubules, and in 10, in the cells of the interme- 
diary tubules. It could also be recognized in the venous system and 
in the interstitial perivascular, peritubular and peripyelic connective tis- 
sue. Evidences of it were observed too in the capsule, the lumbar wall 
and the ganglions. In six experiments carried out under special condi- 
tions, similar phenomena were observed in the convoluted tubules. 

An attempt was then made to learn whether identical results would 
be obtained in hydronephrotic kidneys under the same conditions. The 
small number of experiments (three) makes final judgment impossible. 
One case had to be ruled out on account of faulty technic. In another 
case, in which infection was marked, there was no phenomenon except 

57. Sporl, H. J.: Ueber die Zulassigkeit dcr GasfiiHung des Nierenbeckens 
und der Blase, Ztschr. f. urol. Chir. 36:404 (March 11) 1933. 

58. Verriere, Pierre : Contribution a I’aude de I’absorption intrarenale T 

d’urol. 36:27 (July) 1933. ’ " 
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ascent of tlie ink up to the capsule in the tubules in the cortical region; 
in the thiid case, only a small number of foreign elements were found 
in the cells, except at the level of the pyelic mucosa, in which the picture 
was much like that seen in the first series. Neither rupture nor infil- 
ti'ation ^vas observed, but onl)' a minimal ascent at the level of the 
papilla in the tubules on the right side. In the vessels, in the perirenal 
region and on the lumbar wall, the conditions were like those observed 
in the earlier series of experiments. 

In a third series of experiments, made for the purpose of discover- 
ing l 3 nnphatic routes of absorption, milk was injected on account of its 
fatt}'- content. The results were striking: The fatty elements were 
found in the same distribution that was observed in the other series, 
hut they were present in far greater quantity and had been carried to 
higher segments. 

Verriere regarded it legitimate to assume that these foreign elements 
recognized in the blood, in the interstitial tissues of the kidney and in 
the lymphatic channels arrived there through absorption, passing through 
the cells bordering the cavities in which they had been placed. Once 
having entered the cells, the foreign elements evolve in the protoplasm; 
from the apical pole they reach the other pole, and following along the 
nucleus they clear the basal membrane and fall into the interstitial 
tissue, where they are seen gliding along the tubules and vessels. 

These experiments are of practical interest in that the;’’ suggest that 
certain painful disturbances following pyelography with irritating sub- 
stances (renal infections, abscesses of the kidney and even perinephntic 
abscesses) may owe their origin to this simple fact of absorption— m 
such cases, that of bacteria crowded into a ureter under the force 
of vesical contractions. The experiments also suggest that this power 
of absorption in the walls of the upper uriniferous elements might be 
utilized therapeutically. 

URETHRA 

Tumor . — Campbell reported 2 cases of diverticulum of tlie urethra 

in bo 3 ’s. In each case urethral stricture existed. In the first case tie 
sacculation followed crushing of the pelvis ; in the second, amp e ^ 
believed that it followed severe trauma caused by dilation of a ure ir 
stricture at the age of 22 months. Both cases serve to 
importance of urologic examination among 3 ’oung persons, an me ica^^^ 
further that children are heirs to almost every urologic lesion 
associated with adult life. 

Rupture . — Haines stated that conservative treatment, sucli as m ^ 

pie cystostomy, especiall;’ in the hands of less experienced surf^con , 

59. Campbell, M. F.: Diverticula of the Urethra, J. Urol. = 

60. Haines, Carlyle; Traumatic Rupture of the Urethra, J. 

(iSIarch) 1933. 
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a more satisfactory motiiod of trcatini: patients witli incomplete or 
complete rninnre of the urethra, whether in the ljulhons jiortion or in 
the area posterior to it, than tlie more radical treatment, such as perineal 
section or urethral anastomosis, which so many advocate. Me believes 
that each case is a law unto itself. No 2 patients will have identical 
injuries, nor will any 2 suffer the same amount of shock or have the 
same ability to combat it. Whether drainage by catheter, suprapuhic 
cystotomy, perineal section, end-to-end anastomosis or a combination 
of all four is relied on depends entirely on the individual case, the length 
of time following the injury and its severity. The condition of the 
patient should be the guiding factor in the choice of a method of 
treatment. 

PENIS 

Tiiiuor . — A review of 540 cases of carcinoma observed at the Siriraj 
Hospital, Bangkok, Siam, from 1927 to 1931 showed that 52 (9.6 
per cent) of the patients had carcinoma of the penis. If only the cases 
in men are considered, the percentage of incidence becomes 22.5. This 
confirms the impression of the relatively high frequency of this disease 
in the East. 

Statistics show the complete immunity of orthodox Jews and the 
relative immunity of Mohammedans. This indicates that phimosis is 
the chief predisposing factor and that circumcision performed at birth 
should prevent carcinoma of the penis. Among the Siamese who are 
Buddhists, circumcision is not performed unless there is a definite sur- 
gical indication, and in the remote areas of that country this operation 
is practically never performed in childhood'. 

The average age of the 52 patients was 49.6 years. Half of the 
patients were farmers who lived in a ver}' primitive way with poor 
hygienic surroundings. Their clothing was constantly wet and soiled 
with mud during long hours of work in the rice fields. 

Phimosis was definitely present before the onset of the carcinoma 
in 24 cases ; in 26 cases the records did not indicate clearly whether 
phimosis was present, and in 2 cases there was no phimosis. The 
Wassermann reaction was positive in 14 of 44 cases. These facts 
indicate that phimosis and syphilis may have a distinct hearing on the 
etiology of the disease. 

In the 51 cases in which operation was performed, complete ampu- 
tation of the penis was done in 6, complete amputation with block 
dissection of the lymph nodes in 8, partial amputation in 17 and partial 
amputation with block dissection of the lymph nodes in 20. 

61. Noble, T. P. ; Carcinoma of the Penis in Siam, Brit. J, Urol. 5:242 (Sept ) 
1933. 
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Wlicn complete cimputjition was done the inguinal nodes were 
iemo\ed two weeks later. In cases of partial amputation these glands 
weie removed at the time of operation. On histologic examination 
few' of the nodes revealed metastasis, although most of them were 
enlarged. There was no operative mortalit}'. The end-results are not 
given. 


EPIDIDYMIS, SEMINAL VESICLE AND TESTIS 

Cyst of Epididymis. — Patch®- reported a case in rvhich there was 
an intravaginal pedunculated C3'st of the epidid3'mis with torsion of the 
pedicle. The S3''mptoms resembled those of torsion of the spermatic 
cord. At operation, in addition to a large h3'drocele there w'as found 
within the vaginal sac a gangrenous cyst with a twisted pedicle which 
w'as attached to the head of the epididymis. There was a normal sessile 
h3'datid of Morgagni. There were also incomplete descent of the testis 
and an inguinal hernia. 

Patch considered the possible origin of this C3'st. The vestigial struc- 
tures associated with the testis and epidid3'mis are: ( 1 ) the appendix 
testis, or sessile h3'datid of Morgagni, a remnant of the mtillerian duct 
attached to the upper pole of the testis or situated in the groove between 
the testis and the epidid3'mis ; ( 2 ) the appendix epididymidis, the stalked 
hydatid from the wolffian bod3' attached to the globus minor; ( 3 ) the 
paradid3'mis, or organ of Giraldes, a collection of small tubules found 
above the head of the epidid3'mis and in the lower end of the spermatic 
cord in front of the vessels ; ( 4 ) the vasa aberrantia, or ductuli aber- 
rantes, coiled canals with blind ends in the epidid3'mis. 

Torsion of the pedicle o'f any of these structures, especially of the 
sessile hydatid, ma3' occur. Dix reported 46 cases in \vhich there were 
S 3 anptoms resembling those of torsion of the spermatic cord, althougli 
of less severity. The condition usually occurs among patients between 
the ages of 11 and 14 years and probably is the s3'ndrome often cliag 
nosed as “idiopathic epididymo-orchitis” in children. 

Spermatoceles are C3'sts in communication noth the seminiferous 
S3'stem ; the3' 11133' be intravaginal or extravaginal, the latter t3'pe being 


more common. 

The C3'st under consideration evidently did not arise from either ot 
the hydatids, from the paradid3'mis or from the superior vas aberran.^ 
It ivas not openty connected ivith the seminiferous S3'steni, as it 
not contain spermatozoa. It ma5' have arisen from the inferior 


aberrans. 


62. Patch, F. S.: Pedunculated Cysts Within the Tunica ^ 
Report of a Case Showing Torsion of the Pedicle, Brit. J. Urol. 
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Fasitis . — Wolbarst stated that the evidence that he presented shows 
that the vas deferens has a definite clinical identity. It may escape 
infection when infection is present at eitlicr end or surrounding it. 
It may be infected when there is no apparent infection at either end 
or surrounding it. ^Moreover, it may be a nidus for ])yogenic organisms 
the presence of which in the vas deferens has not lieen vcpovled ]irc- 
viouslv. The author stated that influenza and other systemic infections 
may possibly be a frequent, unrecognized factor in the production of 
a focal infection in the vas deferens, with resulting stenosis and sterility. 

URIX.\KY AXTISKPTICS 

Mitchell and Scott studied the effect of urinary acidifiers and 
antiseptics on 75 patients who had urinary infections ; surgical treatment 
was not indicated, nor had it been given to correct an}' factor accessory 
to the infection. The problem of acidification of the urine is important 
from the standpoint of its effect on infection and in conjunction with 
the use of methenaminc. The criterion of cure was sterile urine on 
repeated culture. The specimens were obtained under sterile precau- 
tions and before breakfast in order to avoid the conflicting effect of 
a diurnal rise in hydrogen ion concentration. The patients in the first 
series were observed for four or five days without treatment in order 
to note the reaction of the urine and the bacterial counts. Various 
acidifiers were then given to change the pn toward the acid side. Acid 
sodium phosphate was given in 20 grain (1.28 Gm.) doses four times 
a day. In only 1 case was there a downward trend of the pn, and in 
none was the bacterial count improved. Acid ammonium phosphate, 
ammonium benzoate and ammonium chloride given in 20 grain doses 
four times a day were effective acidifiers, the shift to the acid side 
reaching a value as low as pn 4.8 in some cases. To increase the acidity 
below this point, adventitious acids (ketonic) must make their appear- 
ance in the urine. In no case did the change in pn modify the bacterial 
count. 

Methenamine was then used in 10 grain (0.65 Gm.) doses four times 
a day in combination with ammonium chloride. In 19 of 50 cases of 
acute or chronic pyelocystitis cure was complete ; that is, cultures were 
repeatedly negative. A large number of patients were practically cured 
but refused to cooperate further to complete the cure as it has been 
defined. Several considered as uncured -were improved, as counts well 
in the millions were reduced to from 4 to 100 organisms per cubic centi- 
meter. Even though the symptoms disappeared, the patients who dis- 

63. Wolbarst, A. L. : The Vas Deferens, a Generally Unrecognized Clinical 
Entity in Urogenital Disease, J. Urol. 29:405 (April) 1933. 

64. Mitchell, D. R., and Scott, J. M.; Studies of Urinarj’ Acidifiers and Anti- 
septics in Relation to Pyelitis and Cystitis, Brit. J. Urol. 5:223 (Sept.) 1933. 
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continued tieatinent or of wliom the authors lost trace were not included 
among those showing favorable results no matter how sure the progress 
to a complete cure. 

Hexylresorcinol, methenaniine and pyridium gave no evidence of 
having any value as urinary antiseptics. 

In studying the failures, the following possibilities were considered: 
( 1 ) that formaldeh3’de was not liberated rapidly enough to appear in 
any quantity at the level of the kidney; ( 2 ) that individual strains of 
organisms were resistant to formaldeh3'de ; ( 3 ) that formaldehyde was 
absorbed b3' proteins in the urine, and ( 4 ) that there was persistence 
of a focus of infection (colonic absorption). Analysis for formaldehyde 
of specimens obtained by ureteral catheterization revealed only a slightly 
reduced amount as compared to that present in vesical specimens 
obtained simultaneousl3^ This, together with the clinical cures in cases 
of p3^elitis, suggests that methenamine is effective at the level of the 
kidne3\ 

A definite resistance to formaldeh3'de was shown to be characteristic 
of cei'tain strains of organisms, which accounted for the failure in some 
cases. 

Colonic absorption seems to have a place in the etiology and treat- 
ment of persisting infections in the urinary tract. In these cases high 
colonic irrigations, with the administration of Bacillus acidophilus milk 
by mouth and of urinaiy antiseptics, were effective. 

INFECTION OF URINARY TRACT 

Winsbur3f- White discussed the relation of infections of the genital 
tract to those of the urinar)' tract, not only in the lower part of the 
tract, where the relationship is obvious, but also in the upper part of 
the tract. In p3'eIonephritis and in other t}^pes of renal infection the 
possibilit3^ that infection of the genital tract is the source must be kept m 
mind. 

^^^insbur3■- White investigated the path by which genital and 
infections spread to the urinar}'^ tract. India ink, living bacilli o 
tuberculosis and dead bacilli of tuberculosis were injected h}po er 
micall3" into the cervix in some cases and into the tissues of the 
in others. Rabbits, rats and guinea-pigs were used; they were a ec 
from one hour to three weeks alter injection. Serial sections nere m< ^ 
through the pelvic organs and the soft parts of the posterior pc mc 
and abdominal walls up to the hilus of the kidne3c 

65. Winsbury-White, H. P. : The Spread of Infection from the 
to the Urinary Tract and the Ascent of Infection from the Lower nn 
to the Kidneys, Brit. J. Urol. 5:249 (Sept.) 1933. 
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In I'cmnlc animuls extensions of infections as a result of injections 
into the cervix tvere found in the vesicovaginal septum, in the vesical 
wall and under the trigon. Extension ujnvard took place through the 
lymph nodes of the broad ligaments and tlic posterior wall of tiie pelvis 
into the lymphatic structures which He in such profusion at the level 
of the hihis of the kidneys, into the fatty areolar tissue in the hilus of 
the kidnc}' and into the cortex itself. The leukocytic concentration of 
pigment in the cortex was outside the veins hut in the perivascular 
lymphatic structures. 

Injection into the urethral tissues produced the same results. These 
findings were in contrast to the picture when the infectioU was descend- 
ing, with involvement of the glomeruli and capillaries. 

Winsbur 3 '-White expressed the belief that the great majorit}^ of 
renal infections are ascending, extending from the genitals, the urethra 
or the vesical trigon along the pathways described, namely, the peri- 
urethral areolar tissue and lymphatic structures and the lymphatic struc- 
tures in the posterior abdominal wall which empt}' into the lymphatic 
structures at the hilus of the kidney. He was convinced of this not 
only because of his injection experiments but because of his clinical 
experience. The cortex is involved through the lymphatic structures 
without primary involvement of the renal pelvis. 

LESIONS OF GENITO-URINARY TRACT 

Counseller reported that in 1932 in the IMayo Clinic 1,186 opera- 
tions were performed on 972 patients for lesions of the genito-urinary 
tract. These operations totaled 1,459 surgical procedures. There were 
14 deaths — a mortality rate of 1.5 per cent. There were 228 operations 
on the kidney, 125 on the ureter, 172 on the bladder, 407 on the prostate 
gland, including transurethral resection, and 527 on the external geni- 
talia. Of the 172 operations on the bladder, 33 were transvesical resec- 
tions for carcinoma. The various surgical procedures consisted of 
cystostomy alone, segmental resection and excision, electrocoagulation, 
insertion of radium and a combination of these, including the use of 
the cautery. Two of these patients died. 

Counseller recently reviewed the results of treatment at the clinic 
of 600 malignant tumors of the bladder. He found that 165 patients 
had lived from five to twenty j^ears following various surgical pro- 
cedures. In previous years electrocoagulation was general^ confined to 
the treatment of infiltrating, highly malignant tumors usually situated 
at the base of the bladder and considered nonresectable. Seventeen of 
the 165 patients were treated by this method, and 15 (88 per cent) 

66. Counseller, V. S. : Report of Urologic Surgery for 1932, Proc. Staff Meet 
Mayo Clin. 8:207 (April 5) 1933. 
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-iverc alive and free from vesical s}-mptoms at the time of the report. 
If these tumors are considered inoperable, the results indicate that the 
patients Avho lived less than five years and who were treated by electro- 
coagulation lived longer and in greater comfort than if such treatment 
had not been given. Electrocoagulation should, therefore, be considered 
in the treatment not only of very malignant inoperable lesions, but of 
those more favorably situated and less malignant. Furthermore, it 
may be made more effective by combining it with other procedures, 
such as partial excision of the growth or the insertion of radium. The 
latter method was used in approximately 50 per cent of the cases in the 
last year. 

Counseller stated that 195 surgical procedures were performed on 
the kidney. These consisted of pelviolithotomy, nephrolithotomy, neph- 
rostomy, nephrectomy, decapsulation, nephropexy and division and liga- 
tion of anomalous renal vessels for h 3 'dronephrosis. Four patients died 
— a mortalitj'’ rate of 2,7 per cent. 

Nephrostomy is being used with increasing frequenc}' as a conserva- 
tive procedure for temporary drainage of the kidney in cases of multiple 
renal calculi associated with infection and hydronephrosis. Its tempo- 
rary use combined with plastic operations on the renal pelvis in cases 
of hydronephrosis is also advantageous. It has distinct advantages over 
pelviostomy; The tube can be changed easily, drainage ceases almost 
immediately following its removal and there is no distortion of the renal 
pelvis. Nephrostomy was performed in 26 cases as a procedure sec- 
ondary to pelviolithotomy or nephrolithotomy for multiple renal stones, 
infection and hydronephrosis and in 2 cases of pyonephrosis in vhich 
sufficient renal parenchyma remained to justify a conservative t}pe ot 
operation. Temporary nephrostomy was carried out in a case of pyelo 
nephritis. Nephropexy was performed in 9 cases as an aid to adequate 
drainage of the renal pelvis. Its use is distinctly indicated followui.s 
division and ligation of anomalous renal vessels. It was perfornie lu 
3 such cases in this series with excellent results. There were no eat is. 

Counseller stated that nephrectomy was performed in 95 cases, m 
33 cases of unilateral renal tuberculosis ; in 24 cases of nephro ^ 
in which the kidney was too severely' injured to justify' 
procedure; in 18 cases of extensive hydronephrosis in which tic ' < 
parenchyma was practically' destroy'ed incident to anomalous rena 
sels, and in 20 cases of malignant disease of the kidney'. lere 


no deaths in this series. _ _ ^ 

In reporting the postoperative complications, Counse cr ‘ . 

of the total group of 972 patients. 69 (7 per cent) hac 
but only 1.7 per cent of these died. In 3 patients in u /.^vere 

developed, major surgical conditions other L mortality, 

present ; these patients were excluded in the calculation 
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since the nrologic procechn'cs were minor ami secomlary. 1 lie total 
mortality rate, based on the nnmber of patients and not on the number 
of surgical proccdurc.s. was 1.5 per cent. 

MacKenzie and Seng ''' made a study of the cause of death in 
diseases of the genito-urinary tract ; their investigation included all the 
deaths that occurred in the Department of Urology, Royal Victoria 
Hospital, over a period of fifteen years (265 in more tlian 11,000 cases). 
This gives a mortality rate of 2.39 ]')er cent. For the same period, 
5,064 major operations were performed, with 187 operative deaths; 
the operative mortality rate was 3.69 per cent. 

The authors concluded that change in the genito-urinary tract of 
sufficient gravity to he the chief cause of death occurred in less than 
a third of the cases in the series, that cardiovascular and respiratory 
changes together were responsible for more than a third of the deaths 
and that all cardiovascular lesions, perhaps even arteriosclerosis at 
times, were grave conditions in the presence of serious disease of the 
genito-urinary tract. The}- expressed the belief that infection, whatever 
ifs source, within the genito-urinai'y tract or outside it, is a complication 
of the most serious consequence. The influence of infection, even 
if mild, on the cardiovascular and respii'atory systems in the presence 
of disease of the genito-urinary tract is so grave as to constitute the 
“balance of power” between life and death. Almost two thirds of 
the deaths occurred in surgical conditions of the kidney and prostate 
gland ; prostatism was the single disease entity revealing the greatest 
number of deaths, though it gave a comparatively low' mortality rate. 

The authors further concluded that new growths of the urinary 
bladder cause more than half of the deaths from neoplasms of the 
genito-urinary organs. The emergency surgical conditions of acute 
periurethral phlegmon with urethral stricture (extravasation) and rup- 
ture of the urethra call for the simplest and the most conservative 
surgical procedures at first, in order to reduce the high mortality rate. 

White stated that in this industrial age and with the vast increase 
in injuries caused by automobiles, trauma to the bladder and urethra, 
varying from slight abrasions of the mucosa to complete rupture and 
destruction of the lower part of the urinary tract, is being observed 
much more often than formerly. He stated that in general rupture of 
the urinary bladder is rare. It may be spontaneous, resulting from 
internal tension or forced injection of fluid or from intense muscular 
efforts in the presence of obstruction, inflammation or atony. It may 

67. MacKenzie, D. W., and Seng, M. I.; Study of Cause of Death in Genito- 
urinary Disease, J. Urol. 29:321 (March) 1933. 

68. White, E. W. ; A Study of Certain Urological Complications Associated 
with Fractured Pelvis, J. Urol. 29:295 (March) 1933. 
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be ptithologic, caused by the invasion of tumors or by inflaininatorv 
processes spreading from organs in the vicinity. According to die 
recent literature, rupture of the bladder is becoming more common. It 
is often found in cases of trauma in which the pelvis is fi'acturecl. As 
far back as 1878, Bartels found 65 ruptured bladders in 169 cases of 
fracture of the pelvis. More recentl}^, Campbell studied 166 cases 
of fracture of the pelvis at the Bellevue Hospital, New York. In 
25 of these (15 per cent) the urethra was also ruptured, and in a number 
of others there was urinary distress. Campbell reported 55 cases of 
rupture of the bladder in 20 of which there was a concomitant fracture 
of the pelvis. In a study of 383 deaths resulting from automobile 
accidents alone, Bacon and LeCount found 42 cases of fracture of 
the pelvis, but in only 3 of these was there rupture of the bladder. 
The}'- estimated that in 0.7 per cent of cases of automobile accidents 
the bladder is ruptured. 

White stated that because of internal hydrostatic pressure rupture 
of the bladder can in most cases occur only when the bladder contains 
fluid. The distended bladder has a tendency to lean forward and 
upward; hence the inferior aspect is elevated and lifted toward the 
anterior abdominal wall. The base and the lateral and anterior walls 
are securely protected b}' the pelvis regardless of the vesical content. 
Violent force directed to the lower part of the abdomen if the bladder 
is distended invariably produces intraperitoneal rupture. As the upper 
portion of the inferior aspect of the bladder is the most movable and 
at the greatest distance from the point of impact, it is usually tlie site 
of rupture. Intraperitoneal ruptures are generally of the bursting t)pc. 
Extraperitoneal rupture, owing to violent force directed toward the 
pelvis, takes place into the prevesical space ; the surrounding tissues are 
promptly invaded by extravasated urine and blood, and certain definite 
objective symptoms are promptly noted. 

White stated that the principal symptoms of rupture of the blade er 
are pain and tenderness over the pubes, vesical tenesmus, distentioi 
of the lower part of the abdomen, bloody urine and stoppage of 
tion ; shock and vomiting may or may not be present. If the rupti 
is intraperitoneal, the pain soon becomes characteristic of intrapcriton 
pain, and the usual signs of peritonitis are seen; if the 
extraperitoneal, the pain is localized in the lower part of the a icon 
radiating to the perineum and to the legs. 

Since the advent of intravenous injections of iopax or nc;oiopa.% 
rule has been established that in all cases of suspected injure 
urinary tract intravenous pyelo-ureterograms are made at ^ 
possible moment. Injuries to the kidney and ureters arc c c- - ^ 

onstrated if present. The complications likely to arise, n ic ir- 
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of the bladder is extraperitoneal or intraperiloneal, are sueh tlial expec- 
tant treatment is only rarely justified, perhaps only in incomplete rup- 
tures without evidence of urinary extravasation. In intraperitoneal 
ruptures, peritonitis and intoxication may he cxjiccted in at least hall 
the cases. In extraireritoneal ruptures, extravasation of urine u])ward 
may be expected, as the triangular ligament prevents spreading into 
the perineum. Cellulitis and necrosis usually follow. \\ hen a rupture, 
whether intraperitoneal or extraperitoneal. is diagnosed, immediate oper- 
ative intervention should he the rule, the first objective being to side- 
track the urine. Suprapubic cystotomy best fulfils all the needs, as 
it provides adequate drainage and puts the bladder at rest. 

While stated that the urethra, like the bladder, may be ruptured - 
by internal pressure, but that rupture is more usuall)' caused b}' trauma 
due to blows on the perineum, to crushing of the urethra against the 
lower surface of the {nibic arch or to laceration by spicules of bone 
from a fractured pelvi.s. Often, especially in industidal accidents, the 
rupture of the urethra is caused by wbat is known as a “straddle fall” 
on the perineum. The tear in the urethra may be longitudinal or 
transverse, complete or incomplete, extrapelvic or intrapelvic. In cases 
of very severe injury, the membranous urethra may be completely torn 
away from the bladder. 

The usual symptoms of a ruptured bulbus urethrae are localized 
pain, urethral hemorrhage, perineal hematoma and retention of urine. 
The bleeding is from the meatus, independent of voiding, but when 
injury is proximal to the external sphincter the blood may remain in 
the posterior part of the urethra and find its way into the bladder. In 
intrapelvic rupture there is no perineal tumefaction, but marked ecchy- 
mosis usually develops after a time. 

White further stated that the diagnosis of rupture of the urethra 
in the absence of rupture of the bladder presents practically no diffi- 
culties. Prompt surgical attack is the treatment of choice instead of 
costly delay and attempts at instrumentation. He stated the belief that 
preliminary cystotomy in a case of extensive laceration of the urethra 
is to be commended ; the principle is basically sound. 

White stated that until the bladder is opened it is often not possible 
to distinguish between an extraperitoneal tear of the bladder and an 
intrapelvic rupture of the urethra. The general guiding rule in diag- 
nosis is that if the bladder is even moderately distended the rupture 
must be situated below the vesical sphincter. The prognosis of the 
operative treatment of rupture of the urethra is excellent as regards 
life but not favorable as regards function. Young reported in detail 
9 cases of rupture of the urethra associated with fracture of the pelvis. 
In these cases the importance of operation was noted, including accurate 
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repair of the urethra to avoid subsequent complications or death. With 
early operation, excellent results and absence of complications may be 
expected in the majority of cases. The postoperative treatment in all 
cases is important ; regular and S3'stematic dilations of the urethra are 
advised for an extended time, in order to assure good functional Results 
in the future. 

• Early diagnosis and prompt and intelligent surgical intervention 
have been of inestimable value in the restoration of life and function 
in cases of injuries to the pelvis and urethra. Formerly, delay and 
neglect resulted in irreparable gross advanced pathologic changes, 
extreme destruction of tissue, osteom^'elitis, pelvic cellulitis and gan- 
grene, thrombophlebitis causing septicemia and multiple abscesses. 
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MIMXEAPOLIS 

INTRODUCTION 

years have passed since Reclus published his classic description 
of cystic disease of the breast. Since that time much investigative work 
has been done, and a voluminous literature has developed. However, 
the practical and important relationship between this disease and car- 
cinoma has never been so decisivel}' established that any one view 
has been generall)^ accepted. As a result, a wide range of opinion still 
prevails as to what constitutes its proper treatment. Thus the selection 
of the surgeon, rather than the nature of the lesion, often determines 
whether a breast is removed or preserved. 

I believe that sufficient evidence is available to justify a more uniform 
view of this relationship and to evolve a more standardized and con- 
servative policy in the treatment of the disease. 

It is proposed to review the literature, to evaluate the information 
contained in it, to add, together with follow-up information, a series 
of 290 cases of cystic disease of the breast in which operation was 
performed, and to draw certain conclusions which will be embodied in 
the form of recommendations as to the proper management of the 
disease. 

» 

• DEFINITION OF TERMS 

The many writers who have attempted to embody their various ideas 
of etiology in the names which they have applied to the disease have 
cluttered the literature with numerous terms serving no useful purpose 
and confusing to a reviewer of the subject. 

To avoid this confusion, the term “cystic disease” is here used to 
cover the whole clinical and histologic picture of benign epithelial and 
connective tissue hyperplasia and degeneration in all their permutations 
and combinations. While fibro-adenoma is considered by many to be 
a part of the picture of cystic disease, it is not so included in this article. 

_ In this review of the literature, therefore, the designation “cystic 
disease” will replace the following commonly encountered terms : Reclus’ 

Submitted to the Faculty of the Graduate School of the Universitv of 
-viinnesota in partial fulfilment of the requirements for the degree of Doctor 
oi 1 hilosophy in Surgery. 






Figure 1 



CAMPBELL— CYSTIC DISEASE AND CARCINOMA 


1003 


Explakatio>; of Figure 1 

Fig. 1 . — A (case 95, series I, group A), specinren from a woman aged 30, 
with simple cystic disease. There were no other masses in either breast. There 
is simple dilatation of the ducts. No epithelial hyperplasia is seen. The patient 
was well without recurrence four years after local excision. B (case 189, series 
I, group A), specimen from a woman aged 33, with simple cystic disease. There 
were no other masses in either breast. The large ducts are greatly dilated and 
there is some dilatation of the smaller ducts. There is no epithelial hyperplasia. 
There was no recurrence six years after local excision. The patient had two 
pregnancies after the operation. C (case 17, series II, group A), specimen from 
a woman aged 43 with simple cystic disease. This shows a group of acini of 
sweat gland type occurring in simple cystic disease. The presence of this type 
of glandular structure is not considered in separating the groups into simple and 
adenocystic types. The patient was well without recurrence three years after 
simple amputation. D (case 2, series I, group B), specimen from a woman aged 
36 with sweat gland cystadenoma. There were no other masses in either breast. 
Cysts lined by acidophil cells are present. Grade I adenocystic disease was found 
in other parts of the excised tissue. The patient was well without recurrence 
seven years after local excision. 



Figure 2 
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ExpLA STATION OF FiGTJRE 2 

Fig. 2 . — A (case 22, series I, group B), specimen from a woman aged 37 with 
adenocystic disease, grade I. There were no other masses in either breast at the 
time of the operation. Another mass developed in the same breast two years 
later and was not excised. The patient died five years after the operation from 
a malignant condition probably originating in the pelvis (see detailed report in the 
text). The ducts are dilated, and there are papillary ingrowths in their lumens. 
B, specimen from Mrs. M. R., aged 50 (see text for history of case), with 
adenocystic disease, grade II. She had a brownish discharge from the nipple 
for one month. A local excision was done in 1926 under the diagnosis of adenocystic 
disease; there was a recurrence in four months; radical amputation was done 
elsewhere following a diagnosis of carcinoma ; the axillary nodes were not involved. 
The ducts are solid and there is extension beyond the basement membrane. The 
patient is living and well six and a half years after the last operation. C, specimen 
from Mrs. N. H., aged 39 (see text for history of case), with adenocystic disease, 
grade II (border-line tumor). There was a localized mass in each breast. An 
area of cystic disease had been removed from the left breast five years previously. 
There was marked epithelial hyperplasia with papillary ingrowths — intracystic 
papillary cystadenoma. A diagnosis of carcinoma was made from a frozen sec- 
tion, and radical amputation was performed. The axillary nodes were not involved. 
After study of paraffin sections, the diagnosis was changed to adenocystic 
disease. The patient is living and well four years after the radical operation. D, 
higher magnification of an area shown in figure 2 C. 




Fig. 3 . — A (case 10, series I, group C) specimen from a woman aged 21 jplil-cJ'j! 

ease, grade II (border-line tumor). There were no other masses in either breast. * ^^j.5 a/ie.' 

hyperplasia of lobular distribution is seen. The patient is well, without li- 
the local excision; she has married and has had two pregnancies. B, dita^''- 

This is a higher magnification of an area shown in A. Differentiation rom c 
under high magnification. C (case 2, series I, group C), specimen from ^ f-r.-V- 

adenocystic disease, grade II (border-line tumor). No other masses r. " 

Under low magnification a definite lobular arrangement is noted; the cm ■ - 

thelial masses. The patient is well, without recurrence, ten ill^.-irated in C. 

cystic disease, grade II. This is a higher magnification or the secti 




Fig. 4 . — A (case 11, series I, group C), specimen from a woman aged 36 with adenocj'stic disease, 
grade II (border-line tumor). No other masses were found in either breast. Alarked intracj'stic 
papillarj’ growth is seen. The patient is well, without recurrence, five years after local excision. 
B, adenocystic disease, grade II. This is a higher magnification of the area shown in A. C (case 6, 
series II, group C), specimen from a woman aged 36 with adenocystic disease, grade II. Multiple 
masses were found in the breast. Adenomatous hyperplasia of lobular distribution is seen. A simple 
amputation of the opposite breast was performed two years before. The patient is well, without 
recurrence, eleven years after simple amputation. D, adenocystic disease, grade II. This is a high 
power magnification of the solid alveolar area shown in C. 
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disease, mastitis chronica c^'stic (Kdnig), cystadenoma raainmae (Schim- 
melbusch), abnormal involution (Warren), senile parenchymatous 
Itypertropby (Bloodgood), epitheliome intra-acineiix kystique (Bris- 
saud), pol 3 d\ystoma epitheliale (Sasse), hydrocystowa mammae (Kwm- 
pecber), lesions sclero-ky^stiques (Masson) and secondary epithelial 
hj^perplasia (MacCarty). 

The term ""simple cystic disease” is applied to forms in which epi- 
thelial activity is limited in degree or altogether absent (fig. 1 A and B). 
The term “adenocystic disease,” adopted by Bell, is applied to types of 
the disease in which epithelial l^perplasia forms a prominent part of 
the picture or entirely dominates it. For the purpose of designating 
the degree of this hyperplasia, the terms “adenocystic disease, grade I” 
(fig. 2 A), and “adenocystic disease, grade 11” (figs. 3 A, 3 C and 4- A), 
are used. 

REVIEW OF THE LITERATURE 

It is found convenient to divide the various contributions roughly 
into groups according to the period and according to the views held 
concerning the etiology of the disease. 

Early Period. — Early writers apparently either took little notice of 
cysts of the breast or regarded them with complacency. 

Cooper and Warren (1837) described single and multiple cysts which 
they termed “hydatid cysts.” They did not, however, confuse them with 
cysts of true echinococcic origin. These hydatid cysts were regarded 
as benign and treated by puncture or incision and occasionally b} 
amputation. 

Velpeau, in his book on diseases of the breast, also considered c) sts 
benign and recommended nonoperative measures or only the most simp c 
procedures such as puncture, injection of iodine or incision follow e( 
by application of an iodine pack to the cyst rvall. 

Paget, Brodie, Birkett, and Gross described serous cysts and cj^ts 
containing papillomas. Both types were regarded as benign, a 
their occasional association with cancer was noted. Probably, since ro 
found that cysts constituted only 2 per cent of his group 
the breast, these men recognized and described only^ the arger . 
clinically obvious t 3 'pes. It is to be observed that, wdiile 
the microscope and its application to surgical pathology'', t ley s ^ 
mainl 3 r on their owm clinical experience in the diagnosis o ques 

lesions. , , 

In his introduction to “Diseases of the Breast, ^ e pcati 
bitterly against the use of the microscope as the final arbiter 
nosis of lesions of a doubtful nature. Lesions , 

shown him to be benign w^ere labeled malignant on histo o^ic 
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With the growing use of, and greater dependence on, tlie microscope 
ideas began to change, and much of the security whicli surgeons had 
felt in regard to cysts in the breast ^Yas lost. 

While Billroth did not consider cysts dangerous, he nevertheless 
included them when he recommended the extirpation of all tumors. 

Reclus, whose great contribution to the literature in 1S83 was the 
excellent clinical description which finally established the disease as an 
entity, found his clinical impression of its benign nature at variance 
with impressions gained from histologic study. In advising total extir- 
pation of the breasts he was admittedly influenced by Brissaud (1883), 
who published a detailed description of the histologic character of the 
disease and who thought it similar to cystadenoma. 

Five years later (1888), having observed that his patients remained 
well, without the advent of malignancy, Reclus wrote that he had 
returned to his original clinical impression that the process is benign 
and had ceased doing amputations, except in older women, in whom the 
danger of cancer is greater. 

In a symposium held in Paris in 1888, Brissaud, Trelat, Quenu, 
Terrier and Terrillon affirmed their faith in the benign nature of cystic 
disease. Sicre stated that, as a rule, the process is benign, but as he 
had histologic evidence that it may become malignant, he recommended 
amputation in older women. ' 

Etiology . — At about the period referred to, interest in the etiology 
of cystic disease began to take a prominent place in the literature. 

In 1892 Schimmelbusch, who occupies much the same position in 
the German as Reclus does in the French literature, published the results 
of his thorough clinical and microscopic researches. His cases, demon- 
strating diffuse and bilateral involvement with the nonencapsulated 
cystadenomatous tj-pe of cystic disease, were considered b}^ him as proof 
of the neoplastic origin and nature of the process. Bilateral ablation 
was advised for older women, but recognizing the long chronic course 
of the disease, and implying an evolution into cancer only in later years, 
he considered it justifiable to follow a policy of waiting in the treatment 
of younger women. He was the first to collect a considerable number of 
cases of cystic disease. In 3 of 45 cases in which an operation rvas 
performed, carcinoma was demonstrated microscopically. 

Tietze, in 1900, regarded the process as neoplastic. While the lesion 
must be considered as a primary disease of the epithelium, distinct and 
apart from carcinoma, the malignant stage is but a short step ahead. 
Such a transformation occurred in 10 per cent of his cases. Four years 
later he reported his investigations on senile breasts and concluded that 
since the epithelial changes typical of cystic disease were found in 25 
per cent of older women, the predisposition to malignant tumors in 
such women was to that degree established. 
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expressed^ his long held view that cystic disease is not neo- 
Llh “• inflammatory reaction The 

dted "as lymph node h3TerpIasias were 

noma as oJ "'' 1 explanation. However, Kdnig regarded carci- 

iZnZ on^ 

Delbet (1893) agreed with Konig. He believed that infection gained 
access to the breast through the ducts. As added evidence of the inflam- 
matory nature of the disease, he emphasized the important fact that in 
contrast to true neoplasms, wdiich are disturbing and deforming to the 
architecture of the organ, cystic disease does not disturb the lobular 
arranj^ement of the breast. While agreeing that cancer is more likelj" to 
eve op in a cystic than in a normal breast, he did not believe amputation 
to be indicated and preferred to excise the mass locally. 

Samelson believed that the evidence favors inflammation as the 
cause of the disease, but was unable to understand the way and sequence 
in which the changes were produced. 

Syms and Masson, somewhat later, accepted the theory of inflam- 
matory origin. The former believed that the disease is frequently fol- 
lowed bj^ cancer and recommended radical amputation. Masson, who 
accepted the theor}^ only because it was the most simple, considered that 
papillary forms are metaplastic and precancerous. Metaplasia, however, 
does not occur until cysts are formed by inflammator}’’ constriction of 
the terminal ducts. 


Roloff and Sasse occupied a middle ground ivith respect to the neo- 
plastic or inflammatory origin of cystic disease. According to Roloff, 
the intimate relationship between connective tissue and epithelium pre- 
cluded aity great activity of the one without a like activit}" of the other. 
He likened the formation of cysts to the production of bronchiectasis. 
In order to be sound, any theory explaining the origin of cancer must, 
in his opinion, include the factor of irritation. 

Lichtenhahn and Saar saw no causal relationship between an}' inflani- 
mator}'' process and epithelial overgrowth. The}' believed that cystic 
disease is a primary epithelial hyperplasia from wdiich cancer is certaini} 
more likely to develop than from normal resting epithelium. The 
diffuse nature of the process argued against its being considered a real 
tumor. This characteristic influenced Saar to perform amputation? 
since after simple excisions the remaining mammarv' tissue ahva}j 
showed the disease even though only microscopically. 

According to Theile, the process is neither neoplastic nor inflamrna- 
tor}', but degenerative. From this degeneration, however, ncopla'tie 
processes such as fibro-adenoma. sarcoma and papillary cy.?tadenom.'i 
may develop. All the stages from the initial formation to the Anal pro 
duction of cancer can be demonstrated. Obviously he did not con-idcr 
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the occurrence of malignant tumors to be very frequent, for he recom- 
mended simple excision for localized lesions. For the bilateral, multiple 
and diffuse processes, in the absence of clinical signs of malignancy, he 
advised nonoperative measures. 

Mintz (1899), Berka and Todj'o believed that proliferation of con- 
nective tissue is responsible for the production of cysts. 

Cornil and Bertels likewise believed that the origin of the disease 
lies in the connective tissue. The development of cystic changes is 
aided by stasis, desquamation and, eventually, dilatation. They differed 
as to the final outcome, the former believing that the process remains 
benign, and the latter, that the epithelial proliferation continues without 
any sharp demarcation into cancer. 

Robinson believed that there is a causal relationship between the 
formation of cysts and malignant growth and that cystic disease of the 
breast should be subjected to radical removal. 

Ellis reported a case of cystic disease in which he considered that 
malignant degeneration had occurred. 

Landau thought that cystic breasts were too often amputated because 
of groundless fear on the part of the patient or physician. 

Williams, checking over his experience, was certain that malignant 
change was less likely to develop in nonmalignant tumors than in normal 
mammary tissue. 

Abbe recommended puncture as a curative measure and Bull advo- 
cated puncture followed by excision if the cyst returned. 

Sheild and Williams advised puncture or incision with packing in 
suitable cases. For multiple cysts, multiple puncture or mammectomy 
was advised. 

Stewart criticized Abbe for advocating puncture, since the nature 
of the fluid is not an index of the character of the pathologic process. 

Keibel, Clark and Upcott practiced simple excision, except for diffuse 
or bilateral lesions, in which case Upcott believed that amputation 
should be done. 

In 1905, Greenough and Hartwell reported their study of 30 cases 
of cystic disease. Since carcinoma was found in 3 cases, they concluded 
that the subcutaneous removal of the entire breast was indicated. 

In 1907, Greenough and Simmons found an incidence of 15 per cent 
of carcinoma in 20 cases of papillary cystadenoma. In this special form 
of the disease they recommended the complete removal of the process. 
In some cases this could be accomplished by local excision, while in 
others it required amputation. 

The Sweat Gland Adenomas . — ^The presence in the breast of glands 
which resemble certain large sweat glands normally found in the axilla 
on the sides of the face, in the groins, on the labia majora and around the 
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anus atlractcd considerable interest and speculation regarding their rela- 
tionship to the ])athologic process. These glands in the breast, with 
large, faintly-staining eosinophilic cells often lying on a layer of smooth 
muscle, the “m\-o-ej)ithcIiuin,” were first described by Creighton, who 
regarded them as the source of all forms of mammary tumors, including 
C 3 'sts. He believed that the}' re()rescnted a “reversion” to a common 
cmbryologic order. 

Krompccher referred to these sweat gland types as composed of 
Blasscii epithelium and related them to normal types of sweat glands 
found elsewhere in the body. In the breast they were considered as 
reversions or atavistic changes. While tlie jDroIiferation of these cells 
lags behind that of cylindric epithelium and rarely dominates the picture, 
they nevertheless take a prominent part in carcinomatous proliferation, 
in which they transform themselves into polymorphous epithelial ce s 

occurring in sheets. . 

Herzenberg supported Krompecher’s views on the oiigin o tiese 
glands, but found it impossible to satisfy herself that c}sts e\eop 
through metaplastic transformation as was suggested. 

Ewing mentioned cases of carcinoma arising from the swea g an 

type of epithelium ■within the breast. , -j » 

Masson described the appearance as “metaplasie idrosa enoi e 
believed it to be a true metaplasia i-ather than an inclusion or e ec 


development. . i o? a 

Corsy agreed with Masson, the appearance being r 

reversion or metaplasia from the more highly deve ope 
secreting cell. He suggested that these glands may arise ° 
of a disturbed physiologic process and may disappeai comp 

la.cta.tion. j. -. 4 - n finflin^ to 

Delbet (1927) pointed out that they are too constant * 

be explained on the basis of developmental malformation, ai , 
he linked their origin with a Phy-ologic disturbance Bo* 
that while carcinoma is more likely to develop m a i likelihood 

sweat gland type of epithelium than in a normal b-as ' tl- He 

is not great enough to justify their recommen ^ K,-east and sweat 
According to Pe)Ton, the common origin of *e 
glands is a sufficient explanation for all structura c m ,, ^ 

Goldzieher and Kaldor considered it unneces > 
theory of metaplasia to explain the ° ,„ce changes that 

metabolic disturbances of the acinar epithelium p 
are morphologically identical. _ impression that wliat- 

ever the origin of these distinctive types f ”, ,“t they ere 

incidental and play no part ,n the course of ctshc 
definitely not precancerous. 
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Involution and Physiologic Changes.— The possilile inaucnce of 
physiologic stimulus aud of senile and prescnile involution on the devel- 
opment of cystic disease has long been observed. 

Langhans and Billroth demonstrated the manner in which C 3 'sts were 
formed by the breaking down of intervening septums and the fusion 
of small involuting C 3 'sts. 

Creighton, in his work on the mammary gland of dogs, commented 
on the possible effect of the periodic stimulation “evolution” and regres- 
sion “involution” on the production of a pathologic process within the 
breast. 

According to Stiles, epithelial stimulation is brought about by hor- 
mones originating in the pelvis. Nonoperative measures were advised, 
since the disease was not considered precancerous. 

Syms called attention to the variations in the histologic picture 
depending on the stimulus then acting. Following lactation, a defective 
process of involution so commonl 3 ^ leaves an appreciable amount of 
glandular tissue, persisting in the senile breasts, that Berka believed 
that the absence of such residual lactation acini is a reliable indication 
that the patient was never pregnant. 

In 1917 McFarland, collaborating with Deaver, attributed the pres- 
ence of all cysts, in all age groups, to senile or presenile involution. 
In 1922, he elaborated on this theor}' to include all the forms of cystic 
disease. He expressed disbelief in the existence of the diffuse cystad- 
enoma of Schimmelbusch, considering it merety one variation of the 
process of involution in which residual lactation acini appear in various 
conditions of retrogressive change. Intracystic papillomas were explained 
as remnants of broken-down septums. He stated that the process is 
harmless and has no significance with respect to the subsequent develop- 
ment of carcinoma. In 1927, he brought out the fact that there are 
localized variations in the response to hormonal stimulation. He exon- 
erated fibro-adenoma as well as cystic disease from any responsibility 
in the production of carcinoma. 

The relationship between the ovaries and the various stages of mam- 
mary activity had been recognized and referred to, directly or indirectly, 
by various early writers. The well controlled and scientific work of 
a few investigators on the specific hormones in relation to the c 3 'clic 
changes in the normal breast stimulated fresh interest and speculation 
concerning their possible etiologic association with c 3 '^stic disease, 

Loeb (1917) and his co-workers showed the effect on the breast 
of corpus luteum and follicular hormone and worked out the C 3 'clic 
changes in small experimental animals. 

Rosenberg was the first to work out the c 3 'clic variations in the human 
breast and to coordinate them with the cr'clic change in the ovaries. 
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I-Jc foiiiul that ill each jjreineiislnium, coincident witli an active corpus 
Inteinn. the terminal ducts show budding- outgrowths of epithelium. At 
first these arc solid, hut later they become vacuolated to form acini. 
Toward the end of the period the acini begin to degenerate and eventu- 
ally disappear completely. During this stage the corpus luteum shows 
hemorrhag-e and evidences of cessation of function. In the intermen- 
strual j)criod only the ducts are present. 

Ernst substantiated Eosenberg’s observations. Dieckmann, on the 
other hand, while confirming the presence of a cyclic change, failed to 
find complete regression of lobular structures in the intermenstruum. 
Lobules disappear only after prolonged amenorrhea. Rosenberg’s obser- 
vations are explained on the basis of the 3 ’outh of his patients, since the 
full capacit}' to form acini is not acquired until the age of 20. Con- 
nective tissue, as well as epithelium, participates in the change. The 
clinical observations of fulness and distention in the premenstruum are 
explained on the basis of lobular edema and are not, as Rosenberg con- 
tended, due to epithelial activity alone. 

Moszkowicz, confirming in general the work of his predecessors, 
was impressed with the similarity between the normal proliferating 
lobule of the premenstruum and fibro-adenoma. In his opinion there 
is a causal relationship between menstrual disorders, benign diseases of 
the breast and, later, carcinoma. Since any mastopathy may result in 
malignant degeneration, he advises the removal of areas of cystic disease 
or the treatment of such areas with roentgen rays. 

Dietrich explained the beginning of cystic disease as an evolutionary 
process initiated b]" hormones but with an atypical proliferative response. 
The further development is concerned with connective tissue and epi 
thelial h 3 ^perplasia, irritation and, eventuall 3 % the formation of benign 
and malignant neoplasm. . 

Ingleby believes that fibro-adenomas arise from normal 01 abnorma 
proliferation followed by incomplete regression. If secretion '\^it ou 
absorption occurs, C 3 ^sts develop. All the variations of C 3 "stic disease c 
be explained on the basis of variations in the amount of epithelia p^^^^ 
liferation and degeneration, the quantit 3 f of secretion poured into ^ 
ducts and the degree of growth and regression of the pericana ic 


fibrous tissue. . 

Clairmont explained C 3 'stic disease on the basis of an en 
turbance and stated that the lively process of intermittent change m< 
the breast a favorable site for cancer. ^ 

Cheatle (1928), whose works will be reviewed later, sai ’ " 

disease is really a physiologic process which has become 
The views of Corsy and Delbet, ti^^t abnormal physiolo^c^^^ 
may produce a sweat gland t 3 'pe of epithelium, have a rea , 
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Orbach and Moriconi advanced the unconvincing hypothesis tliat 
cystic disease is produced by a disturbance o£ endocrine hormones, which 
is in turn produced by tuberculosis. 

Konjetzny believed that in cystic disease he was dealing with pre- 
senile involution which could often be traced to disturbances alifecting 
the menstrual cycle, lilalignant changes were found in from 30 to 50 
per cent of his cases. He recommended excision of the tumor mass in 
young persons, but advised amputation in elderly women and in patients 
showing diffuse involvement. 

Goens-Rosalcs found a high percentage of active epithelial prolifera- 
tion in the breasts of women between the ages of 40 and 95 who had 
died of conditions not originating in, or directly afifecting, the breasts. 
Of 60 patients examined, 30 had cystic changes, 20 of these showing 
activity of the epithelium. Precancerous changes were found in 7 of 
the 20. 

Borchardt and Jaft'e examined both breasts of 100 women over 40 
years of age. ^Microscopic cysts were found in one breast in 90 per 
cent of these and in both breasts in 70 per cent. The relation to sexual 
function is apparent. The disease is twice as common in nulliparous 
women as in women who have borne children. l\0nle the incidence of 
carcinoma is not as high as some place it, these writers believe that 
radical amputation should be done in all women over 50. In younger 
women conservative treatment is recommended. 

In contrast to Warren, McFarland and others who stated that the 
entire process of involution is regressive, Oertel showed that, paradoxi- 
cal as it may seem, structural and functional decline and loss are asso- 
ciated with proliferation of regressing cells. This occurs in the 
parenchyma as well as in the stroma, and with such startling frequency 
in the breast and prostate of elderly persons that if the condition were 
to be diagnosed as cancerous the majority of these organs would show 
in one place or another some stage of developing carcinoma. He con- 
siders these proliferative changes potentially malignant. 

According to Joel, degenerated epithelium reacts differently to stim- 
ulation b}' ovarian hormone than normal epithelium does. He believed 
that malignant degeneration is a frequent occurrence in cystic disease. 
While fibro-adenomas rarely lead to cancers, it is better to remove them. 
As roentgen rays have a somewhat selective action on intracystic epi- 
thelium, they may have considerable value in the treatment of cystic 
disease. 

Keynes and Fischer, holding similar views as to the origin of cvstic 
disease, mentioned a constant secretion and absorption in the nonlac- 
tating glands. Interference with absorption leads to retention, irritation, 
hyperplasia of epithelial and connective tissue and, eventually, formation 
of cysts. Fischer found a high percentage of carcinomas in his cases 
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ot cystic disease, \\diile Keynes did not commit liimself as to any 
causal relationship, he expressed the belief that in the present state of 
knowledge it is better to deal radically with the disease. 

It may be pertinent to mention here some experimental work on 
the relationship of ovarian hormone to tumors of the breast and speci- 
fically to cancer. 

Locb, in 1919, and Cori, who repeated Loeb’s work in 1927, showed 
the effect of castration in preventing the development of spontaneous 
cancers of the breast in a strain of mice which have an established inci- 
dence. If the ovarian hormone is withdrawn early in life (under 22 
days), before the breast becomes well developed, spontaneous tumois 
do not occur. If the hormone acts for an intermediate period (from 
two to four months), the incidence is reduced but not eliminated. I 
it is allowed to act longer (from six to seven months), the usual inci- 
dence, which in Cori’s strain was /8.5 per cent, occuis. 

In connection with theories explaining C 3 'stic disease on the basis 
of obstruction to the ducts, Harris has performed some interesting 
experiments. He tied oft and inverted the main ducts in ® 

7 dogs. In all cases he succeeded in obtaining high degrees o epi le 
hyperplasia which, in places, even broke through the basement ^ 
into the connective tissue. No metastases developed, ut ; 

attention to the fact that metastases are slow to occui in cases o 


noma of the canine breast. _ , 

Yamagiwa and Murayama succeeded m producing 
croicl tnlrs by injecting compounds of tar and tar 
the breasts of 188 rabbits. Metastases occurred m only 1 o 
all the others the tumors spontaneously disappeared. 

The Evolution of Cystic Disease.— The 
references to a sequence of events in which simp e cys 
the breast gradually assume more and more hyperplas ic ’ 
imperceptibly into benign and eventually into n^Ugn ^ neopl-. 
Theile, Bertels and Dietrich have already been mentioned 

this idea. , vpc;p^rch chiefl}' 

Cheatle (1930), who has done a laige amoun evolution 

from the histologic standpoint, described sue i a hyper- 
in detail. Beginning with what he termed desquama i„to 

plasia,” in which cysts are formed, the process ma) p == 
stages of benign and finally malignant hyperp asu ^ analog}’ 

plasia” was coined to indicate the latter stage. pro- 

between this and the stages in the deve opmei j-ogress may he 

duced tar cancer in the skin of mice ( complete evolution 

arrested in any stage, but according o ^ f the breast, 

into cancer accounts for 20 per cent of all carcinomas 
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Cutler (1932), who collaborated with Clicatle (1930), supports this 
view. In his own publications he staled that 20 per cent of carcinomas 
develop from cystic disease. Tlicse authors regard localized nodularity as 
a significant clinical sign which requires histologic proof of its innocence. 
Large cysts, while rarely malignant, are better excised. In cases of 
diffuse distribution or multiple cysts amputation is advisable. 

Ewing, who reported pronounced prccancerous changes or miniature 
carcinomas in 50 i>er cent of breasts excised for cystic disease, believes 
that man}' cancers do not represent wholh- new growths but are the 
result of steadily increasing epithelial overgrowth affecting, not embrv- 
onal or misplaced tissue, but the normal adult glandular epithelium. In 
this respect he supports Chcatle’s view. 

He differs from Cheatle, however, in his statement that carcinomas 
so arising usually appear earh' and dominate the picture. "Wdien cystic 
disease has passed a critical period, it tends to maintain a benign course 
over many years. 

Davis followed Cheatle’s teachings. He believed that limited opera- 
tions should be performed on patients under 35 years of age, while in 
those over 35, amputation is considered to be the safer procedure. 

Askanazy (1925) found a definite relationship between cystic disease 
and carcinoma. This is particularly true in papillomatous cystadenomas 
in which the genetic relationship can often be proved topographically. 

Bartlett considered cystic disease as a clinical entity showing a variety 
of histologic pictures. It is neither a new growth nor a prccancerous 
lesion. The same picture, minus gross hypertroph}', is seen in normal 
breasts. Papillomatous cysts, however, show a tendency toward malig- 
nant change and should be excised. The inability to differentiate between 
blue-domed cysts and papillomatous cysts makes it advisable to explore 
all such lesions. He found 1 case of cancer associated with blue-domed 
cyst. 

At the Mayo Clinic, MacCarty spoke of primary, secondary and 
tertiary cytoplasia. Primary cytoplasia with regularly layered epithelium 
corresponds to what I have designated as simple cystic disease, while 
secondary cytoplasia, showing epithelial hyperplasia with a disturbance 
in the regular arrangement, corresponds to adenocystic disease. In con- 
trast to secondary cytoplasia in which the epithelium, regardless of its 
activity, is confined within the limits of the lobules, the tertiar}' stage 
shows infiltration of connective tissue and is malignant. No treatment 
IS indicated for the primary type; for the secondary type wide local 
excision is advisable for patients under 35 and simple amputation for 
those over 35 years of age. 

Irrespective of etiologic considerations, many authors report definite 
opinions on the debated relationship. 
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Sistrunk was uncertain of the existence of any such relationship. 
Radical anipntation nvis never advised unless the clinical signs of malig- 
nancy were present or unless the presence of carcinoma had been proved 
by microscopic examination. 

In 1920 Rodman pointed out the frequent occurrence of cancer in 
cystic disease and advised radical amputation except in young women. 
Ten years later he receded from the position that cystic disease is pre- 
cancerous and advised conservative operative measures, 

Colucci, making a detailed histologic study, found carcinoma in such 
a high percentage of cases that he recommended radical amputation in 
all cases of C 3 ’’stic disease. 

Buonsanti was disturbed b}- the high incidence of precancerous 
changes revealed by microscopic study of clinically benign types, but 
made the pertinent statement that only an investigation of the late results 
shows whether limited intervention or the radical operation is indicated. 

According to Morpurgo. 24 per cent of the carcinomas originate from 
cystic disease. Seinb, who divided his cases into two groups, found carci- 
noma in 24 per cent of the group in which definite hyperplasia existed. 
For the simple type he recommended no treatment, but for the hyper- 
plastic type and for the patients with a bloody discharge, he urged simple 
amputation. 

A similar division was made by Kilgore (1928). The occurrence 
of carcinomas in the more productive type of the disease is sufficiently 
high to warrant amputation. 

Hellwig wms likewise able to determine from microscopic examina 
tion cases in which carcinoma is most likely to develop. In his opinion 
90 per cent of the amputations performed are unnecessary mutilations. 

Kozhevnikotf subscribed to the opinion that malignant degeneration 
is fairly frequent, and cited the occurrence of carcinoma in 7.5 per cent 
of 80 patients with cj^stic disease whom he had treated. He advise 
mammectomy in older rvomen. Of 26 patients treated by roentgen ra)S, 
a few were permanently relieved of symptoms. 

Goldzieher likened the proliferative type of cystic disease 
of the liver. Extensive h)'^perplastic r'egetations are not easiy <si^^ 
guished from neoplasms. Both cirrhosis and cystic disease pre ispo 
to carcinoma. 

The frequency of cystic disease of microscopic proportions in as^^ 
ciation with clinical or frank carcinoma is commented on and in sow 
cases forms the basis for conclusions concerning a causal re ations 

Billroth, Ewing, MacCart)'^, Cheatle, Langhans and others ha^e m 
tinned this frequent association. Fischer found cystic ’ 

per cent of 151 cases of carcinoma. According to him, the cys ic 
in these cases were primary and the carcinoma secondary. e 
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an incidence of 55 per cent and Jnnge one of 83 per cent for the associa- 
tion of C 3 'stic disease with carcinoma. 

The presence of cj-stic disease around the site of a carcinoma was 
explained by Keynes as due to an irritation produced by the carcinoma. 
He quoted Drew who, by cultural methods, demonstrated the presence 
in cancers of a growth-activating substance capable of strongly stimu- 
lating the growth of epithelial and connective tissue. 

Fraser studied whole sections of breasts removed for carcinoma. He 
found a high incidence of a widespread series of changes similar to 
certain forms of cystic disease and concluded that a local focus of malig- 
nant changes develops first and later spreads through the ducts to pro- 
duce secondar}'^ changes. These spreading cells are none the less 
malignant, although they are confined within the ducts. Only by postu- 
lating a primary malignant focus could he explain the definite centrifugal 
spread of the associated changes which are always most marked near 
the malignant growth. 

Charteris, using the same type of material, arrived at a different 
conclusion. In an attempt to determine what changes preceded the 
malignant tumor, he examined 48 whole breasts removed for cancer. 
All grades of epithelial hyperplasia were found, including solid sheets 
of cells which in places were breaking through and invading the connec- 
tive tissue. Most of the changes were in the ducts, and they were pres- 
ent only to a lesser extent in the acini. The process may be localized or 
may extend diffusely throughout the breast, with breaks in the duct wall 
in several locations, thus verifying the multicentric origin of cancer. 
He was convinced that what he observed represents a long series of 
proliferative changes, in the final stage of which all transitional forms 
can be seen. While all the forms are rarely present in the same breast, 
the impression of their essential continuity is obtained. 

Thus far in this review, except in the case of the older clinicians, 
the views and convictions expressed in regard to cystic disease and its 
relationship to cancer have largely been obtained by a study of histo- 
patholog}'. 

An entirely new approach to the problem is offered by Bloodgood. 
Convinced that most cases of cystic disease never become malignant and 
that many needless amputations were being done, he practiced limited 
operations and followed his patients for jxars to determine the incidence 
of carcinoma. Thus he obtained a con-elation between the various 
histologic pictures and the clinical course of the disease. 

It is of interest that in 1904 Bloodgood, basing his opinion on micro- 
scopic criteria only, had concluded that malignant epithelial change 
occurred in 10 per cent of all cases of cystic disease. In 1906 he wrote 
that adenocarcinoma was already present in over 50 per cent of patients 
with the adenocystic variety of the disease whom he had examined. 
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I» 1921. lun-ing' changed liis opinion, lie reported his experience with 
o50 cases of cystic disease, in 128 of which the treatment had been local 
excision only. A follow-iip showed that carcinoma had developed in 
oof these cases, an incidence of about 2 per cent. He concluded that, 
with the e.xccption of nonencapsulated cystadenoma, or, as it is here 
termed, adenocystic disease grade 11 , c 3 'Stic disease is not a precancerous 
lesion and cancer is no more likel)' to develop in a breast so involved 
than in a normal one. 


In 1929 he amended this impression by including diffuse nonencap- 
sulated cj-stadenoma among the benign lesions. He had recognized this 
variety of the disease in over 100 patients and treated them without 
operation. Malignant tumors did not develop in any of them. In the 
same yeav he reported his experience with over 300 cases in which 
blue-domed cyst was treated b}' local excision. A follow-up over a 
period of years showed no greater incidence of carcinoma than in women 
with normal breasts. 

Reviewing his locully removed “border-line” tumors in 1931, he 
found that all of these patients, over whose diagnosis pathologists had 
disagreed fifteen 3 'ears before, were living and w'ell or had died of other 
causes without having shown evidence of cancer. 

Bloodgood has therefore concluded from his 3 'ears of stud 3 ^, com- 
bining and correlating microscopic pictures with the clinical couise 0 
the disease, that cystic disease is not a precancerous lesion. 

Using the same method of investigation, but confining his attention 
to intracystic papillomatous processes. Hart reported 104 benign and 
malignant cases. Of the 24 cases of malignant growths, 21 weie lecog. 
nized clinicalty, 2 were “boi'der-Iine” cases, and 1 was clinically consi 
ered benign. All the patients were treated by the radical opeiation. 
Of the 104 with benign growths 38 per cent had radical amputations, 
40 per cent simple amputations and 22 per cent simple excisions^ 
Follow-up information was secured on 66 . Regardless of the type 0 ^ 
operation, all had remained well. Of the group with malignant 
10 were followed; 7 of these died of cancer in less than 
the others died of causes unrelated to the malignant condition, 
concluded that the malignant cases had been malignant from tie 
ning and that when the cyst ivall is thin and freety movab e an^ ^^ocess 
not infiltrated, the lesion is benign, regardless of the pat 10 ogic p 


of the papilloma. Urpnst sub- 

Johnson found that of 107 cases of isolated C 3 'sts 0 e 

sequent malignant tumors developed in only r y ^vhich 

chronic mastitis (cystic disease) were followed, m none 
malignant changes developed. He believes that tie evi 
warrant the tendenc 3 ^ to remove breasts for compara 1 , 


indefinite lesions. 
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Peck and While followed their cases of benign tumors, 63 of which 
were examples of localized cystic disease in its various forms. In none 
of these did carcinoma subsequently develop. 


AX.\LYsis or Tin; litkuatuki;; comment 

In summarizing and classifying the aforementioned opinions it is 
found that while a few writers arc noncommital, the majority are easily 
divided into two groups : those who consider cystic disease to be a 
benign lesion with no causal relationship to cancer, and those who believe 
it to be prccanccrous and a menace to the patient. Of those expressing 
definite views, twenty-three were of the former and forty-two of the 
latter opinion. 

The treatment advised corresponds to, and in the majority of cases 
is consistent with, the particular view held. There are individual varia- 
tions and concessions, particularlj' in dealing with younger women. The 
etiologic coneept of the disease has surprisingly little influence on the 
molding of opinion regarding the important relationship in question. It 
is further noted that, with rare exceptions, those who subscribe to the 
precancerous theory of cystic disease obtained their data and reached 
their conclusions through histologic methods of research. On the other 
hand, advocates of the theory of the benign nature of the disease are 
just as consistently composed of older clinicians who express belief based 
on their own clinical experience, or those of the newer group who, 
pursuing the follow-up method of investigation, have subjected their 
diagnoses and prognoses to the proof of time. 

Because of this close correlation one is led to believe that conclusions 
are practically predetermined by the method of investigation and that 
it is the method rather than the conclusion which merits critical 
consideration. 

The histologic evidence invoked in favor of the precancerous theory 
of cystic disease may be briefly summed up ; 

1. C}rstic disease is frequently found in association with frank 
carcinoma. 

2. Various gradations of epithelial proliferation may exist to give 
the impression that cystic disease represents a progressive evolution of 
epithelial hyperplasia eventuating in carcinoma. 

3. The examination of tissue removed from breasts containing cystic 
disease frequently reveals histologic pictures which may be interpreted 
as representing early carcinoma. 

It seems established that a high percentage of frank carcinomas show 
associated changes characteristic of c}'stic disease of microscopic pro- 
portions. It is not established, however, that cystic disease of clinical 
proportions is frequently encountered under similar conditions. On 
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exaniinalion Charlcris found cystic disease of microscopic proportions 
in tlie majority of 48 breasts removed for carcinoma. In only 2 , how- 
ever, were the elianges of such a degree as to be clinically recognizable. 

Recently I reviewed the cases of carcinoma of the breast in which 
operation was performed at the Minnesota General Hospital between the 
3 ’oars 1916 and 1928. Of 88 cases onl}'^ 4 showed a history of antecedent 
masses which could have represented cystic disease. In 444 cases of 
carcinoma Johnson found but 2 in which an antecedent history of cystic 
disease was obtained. 

In A’iew of the extreme prevalence of cystic disease in all age groups 
(Pribram, Fischer, Goens-Rosales, Konig, Borchardt and Jaffe, Hahn, 
Morpurgo and others) the failure of cystic disease to take a more promi- 
nent part in the antecedent history of carcinoma of the breast is striking 
and inconsistent with the supposition of a causal relationship in the 
occasional cases in which cancer and cvstic disease of clinical proportions 
are found together. 

MacCarty indicated the fallacy of such an assumption when he said 
that the coincidence of benign and malignant hyperplasia does not pro\ 


that one necessarily preceded the other. 

Theile, Bertels, Dietrich, Cheatle (1930), Cutler (1932), Charteris 
and others constitute a group which believes in the evolution o 
carcinomas through successive stages of the epithelial 
in cystic disease. Ewing, himself a supporter of the piecanceious i ; 
named the great weakness in this approach to the pro ...c 

stated that in no case can one trace the evolution o susprc ^ 
into fully developed cancer. However, Junge, Moszkowicz, ° 

Bertels and Charteris believe that they have ."I ^oci 

arising not only in one focus, but simultaneously in severa 


in the breast. ^ . j^j-gast 

The opinion as to the multicentric origin of cancer o 

was severely criticized by McFarland who pointed out ’ through 

extension by lymphatics and ducts, a carcinoma is m con 

its whole extent. No one, he affirmed, has ducts 

of a cancer. Fraser explained the escape of ant change. 

in which they have been confined, not as new foci o ^ through 

but as extensions of malignant cells from the primar) 

the ducts to establish secondary sites of carcinoma i 

the gland. _ illustrate 

These contradictory interpretations of the ^ methods alone 

the most fundamental handicap in the use o cancer. 

in determining the relationship between cys ic c differentiation 

lack of generally accepted diagnesfe entem . ^ 
of benign from malignant hyperplasias has lesutte 
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of interpretation? and iirobably explains the liigb incidence of malignancy 
in cystic disease reported by Konjetzny f 1921 ) , Semb and Morptirgo. 

Correlation betmeen the histologic picture of a lesion and its clinical 
course over a period of years has enabled the diagnoses and prognoses 
to be made with a high degree of accnrac}* in the great majority of cases. 
There are, however, certain so-called “border-line’’ lesions in which this 
correlation has not been established. Failure to recognize these lesions 
or their ready inclusion with malignant growths creates a distorted 
impression of the nature of cystic disease which is not verified by its 
clinical behavior as revealed b}- Bloodgood (1931), Hart, Johnson and 
others. 

I believe that the outlined basic handicaps place a limit on the infor- 
mation which may be obtained by purely histologic methods and that 
the behavior of a lesion over a period of years rather than its appearance 
under the microscope is the accurate index in determining its true nature. 
Therefore our researches should logically be directed along clinicohisto- 
logic lines. 

SOURCE OF THE MATERIAL 

Cases of cystic disease were obtained through the records of the 
department of pathology at the University of Minnesota, through the 
Alinnesota General Hospital and from six private hospitals in Minne- 
apolis and St. Paul. Only cases in which the original microscopic sections 
were available or in which the diagnosis had been made by a recognized 
and competent pathologist were used. 

While there is no clearcut division in the degree of hyperplasia 
manifest in different tissues, in order to determine whether or not those 
showing the extremes of proliferation merit any special consideration 
it was thought advisable to subdivide the adenocystic group into cases 
of grade I and grade II, the latter showing the more marked 
proliferation. 

I graded the cases after having examined the sections of 75 per 
cent. The other 25 per cent represents cases of which the sections were 
not available. Accepting the pathologists’ diagnoses, the latter cases 
were distributed as follows : Those bearing only the diagnosis of cystic 
disease were placed with cases of simple C 3 '^stic disease and those in which 
adenocystic disease was specified were placed with the cases of adeno- 
cystic disease of grade I. The cases in the adenocystic group of grade 
II are onlj' those of which I studied the sections mj^self. 

Follow-up information was obtained through the private phj^sician. 
In many cases, however, information was sought directl}^ from the 
patients. Since these were, for the most part, women who are naturally 
concerned about their breasts, it is considered that the information 
relative to recurrence or to the possible development of malignancr- is 
sufficient! V accurate to warrant their inclusion in this material. 
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PKESKJvTATION OF MATERIAL 

Iwo scries of patients who were followed up are presented; series I, 
composed of 233 women treated only by local excision, and series II, 
composed of 57 women treated simple amputation. Since the two 
series arc used for different purposes, they are commented on sepa- 
rately. In regard to ctiologic factors, however, the}”^ are considered both 
separately and in combination. 

Of the 233 cases in series I, 82 per cent were graded as simple cystic 
disease (group A), 12.4 per cent as adenocystic disease grade I (group 
B) and 5.6 per cent as adenoc,vstic disease grade II (group C). 

Of the 57 cases in series II, 73.7 per cent were graded as simple 
cj'stic disease (group A), 14 per cent as adenoc 3 fstic disease grade I 
(group B) and 12.3 per cent as adenoc^'^stic disease grade II (group C). 

Of the whole material, composed of 290 cases, 80.3 per cent were 
graded as simple cystic disease and 19.7 per cent as adenoc 3 'stic disease. 


Table 1 . — Age Distribution in Couibiued Scries I and //* 


Group 

20 to 
21 

Tears 

23 to 
29 

Tears 

30 to 
34 

Tears 

A 

.... 14 

IS 

SO 

B and C 

S 

4 

5 

Total cases 

22 

22 

33 

Percentage 

s 

s 

12.6 


33 to 

40 to 

45 to 

59 to 

55 to GO to 

39 

Tears 

44 

Tears 

49 

Tears 

54 

Tears 

50 55 

Tears Tears Total 

45 

12 

54 

7 

41 

9 

15 

4 

3 3 223 

3 2 54 



. — r 



6 5 27“ 

57 

61 

60 

19 

20.0 

22.1 

IS 

0.9 

2.1 1.7 155 


* In 13 cases no age was reported. 


Age. — B 3 '- combining series I and II and arranging the cases in le 
3 'ear periods according to the age at operation, the maximum incidence 
(22.1 per cent) is found between the ages of 40 and 45 (table 1). 
coincides with the observations of Abbe, Ke 3 mes and Bloodgood. 
hevnikoff, on the other hand, found the maximum incidence to be un e. 
40 years of age. _ _ 

Considered in distribution b 3 ’’ decades, the maximum incidence ( ■ 
per cent) is within the period from 40 to 50 3 'ears. The 
incidence of carcinoma is within the same period (Bunts, Cn e, 
and Leucutia, Lane-CIaypon, Lee, Pf abler and Widmann). 

A series of 8,053 cases of carcinoma of the breast reporte^ 
Lane-Claypon and arranged in quinquennial periods according 
age at operation is used for comparison w'ith the similar 3 ' 

of this series. This comparison is graphically represen e 


cases 


figure 5. 


It may be observed that whereas the incidence 


it may uc uu^jcivcu hiul ^ 

reaches 8 per cent before the age of 25, reaches a jj 

40 and 45 and drops quickly after 50, the incidence j 
almost negligible until after 30, reaches a maximum i 
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50 and then (in contrast to cystic disease) drops slowly until advanced 
ages are reached. The peaks are but five years apart, demonstrating 
the considerable overlapping in the age distribution for the two diseases. 

The theory advanced by Cheatle (1930) and others, that cystic dis- 
ease starts in its more simple forms early in life and graduall}', over 
a period of years, progresses through gradations of epithelial hyper- 
plasia, meets with strong contradictoiy evidence when the age distribu- 
tion for adenocystic forms of the disease is examined. It would seem 
reasonable, if such a theory were indeed a fact, that the maximum 
incidence of the adenoc)-stic forms would be found in a liigher age group 
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Fig. 5. — Graph showing the comparative age distribution of 290 cases of cystic 
disease of the breast and 8,053 carcinomas of the breast (Lane-CIaj'pon) arranged 
in five year periods. The striped areas indicate cystic disease; the black areas, 
carcinoma. 


than that of simple cystic disease. Such is not the case, however, for 
the maximum incidence of adenocystic disease is between the ages of 
35 and 40 in contrast to simple cystic disease, which is most frequently 
encountered between the ages of 40 and 45. The incidence of 14.8 
per cent of all cases of adenocystic disease before the age of 25 and 
of 22.2 per cent before the age of 30 is incompatible with Cheatle’s 
t ieor 3 \ Figure 3 ^ is a photograph of a section of mammary tissue 
minor ed from a girl aged 21, and figure 6 C shows a section from a 
years of age. Both reveal degrees of epithelial hyperplasia 
wnch, according to the aforementioned theor}^ should have required 
years to develop. 
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grade I. No other masses w .^^’, ®P^cimen from a woman aged 3J with adenocysf/c disease, 

The patient is well without ^rL ^1'^’’^*’ •^•'east. An adenomatous type of Jiyperplasia is seen. 

I This is a hin-h urrence, six years after local excision. B, adenocystic disease, grade 

ivomn Zd 22 „,,h ",r " (°» 1. “"■« 1. sroup C), apccten /ran, a 

AdenomaSfa k™r f 8™* H- No other masses were /oand i» c/ll,er teas ■ 

wihhor , “"“I '/■sti, tviti, a definite lobular distribution, are seen. The patient is »* 

«ho«t recurrence, three years after local esreision. D (case 13, series I, jro.p C). specime. /r.» 

a woman aged 27 with adenocystic disease, grade II. The distribution in the breast is unknonn. 
Adenomatous hyperplasia in lobular arrangement is seen. The patient is well, without recurrence, 
two and a half years after local excision. 
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Duration of Symptoms— li is found that 35 per cent of all the 
patients reported for operation within one month, and 68.6 per cent 
within six months of the beginning of symptoms (table 2). There is 
no way of noting in what percentage of the cases of longer duration 
the delay represented a period of observation on the part of the sur- 


Table 2. — Duration ol Symptoms in the Comhtucd Series* 


Months Years 

l A - 


1 3 G 12 1 2 3 4 0 H 15 Total 

Group A 

Number G2 33 32 IS 10 S 6 .. 7 1 3 1/a 

Percentage 35.4 1S.9 18.3 7.4 5.7 4.6 3.4 . , 4.0 O.G 1.7 100.0 

Groups B and C 

Number 14 2 6 5 4 6 2.... 2 1 42 

Percentage,... 33.3 4.8 14.3 11.9 9.5 14.3 4.S .. .. 4.S 2.3 100.0 


Total 

Number 76 35 33 18 14 14 S . . 7 3 4 217 

Percentage.... 33.0 16.1 17.3 8.3 6.5 0.3 3.7 .. 3.2 1.4 l.S 100.0 


♦ In 73 cases no duration was reported. 

Table 3. — Marital State in the Combined Series 


Married Unmarried Total 


Group A 165 68 233 

Group B 28 9 37 

Group 0 10 10 20 

Total 203 87 290 



Table 4. — Pregnancies in 

the Combined Series 



Before Operation 

After Operation 


Kutnber of 

Total 

Number of 

Total 


Cases of 

Adequate 

Cases of 

Adequate 


Pregnancy 

Histories 

Pregnancy 

Histories 

Group A.... 


162 

10 

119 

Group B 


26 

2 

22 

Group C 


13 

2 

11 

Total... 


201 

li 

152 


geon. Of the simple cystic cases, 20 per cent had durations of one year 
or over, while 35.7 per cent of the adenocystic group had shown symp- 
toms for over one year. Six and three-tenths per cent of the simple 
cystic group of cases and 7.1 per cent of the adenocystic group had 
shown symptoms for over five years. 

Marital State and Pregnancies . — Of the entire group of patients, 
30 per cent were unmarried and presumably had never been pregnant 
(tables 3 and 4). Of 201 patients with an adequate history 95, or 
47 per cent, had been pregnant before operation. Of 152 patients'for 
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whom ill I'ormalion on this point, was available, 14 have had pregnancies 
since the operation. Since on the average C 3 'stic disease occurs later 
than the age of womans greatest fertiliUg and since of this series, 30 
per cent were .‘tingle women, it is not surprising that there were not 
more siih.secjuent pregnancies. 

Kilgore (1929) showed that the actual incidence of malignant 
growths occurring during prcgnanc\' is greater than the estimated inci- 
dence in an_v otie vear. In 12 cases of scries I (in wdiich only local 



Fig. 7.— (Case 7, series I, group C), specimen from a woman aged 42 wfh 
adenocystic disease, grade II. No other masses were found in eit 
Adenomatous hyperplasia with formation of solid lobules is seen. e p 
well, without recurrence, three years after local excision. 

excision tvas performed) the breast has withstood the sfronj,est 
physiologic stimuli without showing development of carcinoma. 
patient with a lesion (fig. 3 A) which was diagnosed as a ^ 
disease grade 11, but -which many would have diagnosed as ma^i^^ 
has had two pregnancies since the local excision of the mass. 
remained free from recurrences or other pathologic changes m le 
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• Pain . — In cystic disease there is little correlation between the degree 
of pain and the nature and extent of the process (table 5); In this 
series pain was present in 30.5 per cent of the simple cystic group, in 
31.3 per cent of the grade I group and in 33 per cent of the grade II 
adenocystic group. 

Cheatle (1930) and Cutler described its frequent presence in the 
early changes of “mazoplasia.” The latter reported encouraging results 
in the control of pain by the use of ovarian residue administered orally. 
He believes that the changes in the breast responsible for the pain were 
produced by an excessive amount of corpus luteum hormone, and that 



Table 5.- 

-Pain* 





Total 


Total 



Adequate 

' 

Adequate 


Before 

Histories 

After 

Histories 

Group A 

53 

174 

7 

233 

Group B 

10 

32 

‘ 4 

37 

Group C 


15 

1 

20 

Total! 

6S 

001 

12 

290 


* Sis or these patients lepoited pain both betoic and after operation. 

Table 6. — Discharge 


Excision Series Amputation Series Total 

, ' — ^ , , " , Adequate 

Blood Serous Bloody Serous Total Histories 


Group A 2 2 1 .. 3 Woody 174 

2 serous 

Group B 1 .. 1 .. 2 Woody 32 

Group C .. 3 .. 3 Woody 16 

Total 3 2 5 .. 8 Woody 222 

2 serous 


the administration of ovarian residue counteracts or inhibits this exces- 
sive secretion. 

From the diagnostic standpoint pain is of little value. Bartlett 
(1921), Crile and others have found it to be present only in the late 
stages of carcinoma. Cheatle (1927) reported a case in which the biopsy 
specimen from a painful area, prior to the appearance of a mass, revealed 
an early carcinoma. Kozhevnikoff named pain as one of three clinical 
signs of cystic disease. It was present in 57 per cent of his cases. 

In this series, of 55 patients who reported pain prior to operation, 
6 had persistence of this symptom. Six who had not noticed pain before 
reported pain after the operation. 

Discharge . — ^The significance of a discharge from the nipple, par- 
ticularly of a bloody discharge, has been variously interpreted (table 6). 
Judd, ^Miller and Lewis as well as Adair have found about the same 
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pniportioii of ;m(I nirillijurmt lesions to l)e responsible for its 

presence. Cutler ( 19.i2) and Moyd and JJaggard thought that in the 
jjiajority of cases bleeding' is flue to stnali benign duct papillomas and 
rarely to malignancy. JJart. considering only j)apillary cystadenoma, 
foiiinl that -lb ])er cent of the benign and 12 |)cr cent of the malignant 
cases .sh<nve<i discharge as the most prominent symptom. Joel stated 
that he had never seen malignant degeneration in his cases of bleeding 
breasts. Knoflach and Urban follou’cd 40 patients with a bloody dis- 
charge from the nipj)Ie; 30 of these were operated on and 10 were 
not. In twenty-three years there was only 1 patient of whom they lost 
trade. Carcinoma did not develop in any of the others. MacNeal and 
Cheatle (1932), on the other hand, regard bleeding as of grave signif- 
icance. Pribram considers lesions which jjrodiice bleeding as interme- 
diate between benign and malignant growths. Bloodgood (1922) and 
Peck and ^^’hite did not operate for bleeding alone. Bleeding, accord- 
ing to them, is only a s 3 'mptom and. occurring without a palpable tumor, 
does not demand treatment. Helhvig, Hart, and Floyd and Haggard 
performed local c.xcisions for diagnosis and, failing to find a malignant 
growth, considered this procedure sufficient. The latter, however, rec- 
ommended simple amputation for women over 35 and for those who 
cannot be closch' observed after local e.xcision. Knoflach was content 
with local e.xcision in cases of discrete tumors producing bleeding, but 
he urged amputation in cases of breasts showing diffuse resistance. 

In 1926 Erdhcini believed that local excision often sufficed foi the 
treatment of benign lesions producing bleeding. One 3 ’ear later he 
changed this opinion and recommended radical amputation. 

Mintz (1899) was so impressed wdth the frequenc 3 ’' of malignancy 
in lesions showing a bIood 3 ' discharge that he performed the radical oper 
ation in all such cases. 

Cutler (1929) has demonstrated a method of transilluminatmg t e 
breast to reveal small sources of bleeding which would otherwise e 3 
localization. Fray and Warren advocated stereoscopic roentgeno^iap y 
as an aid to localization and differentiation. . ^ 

In the present series of 222 cases in which adequate histones ver^ 
obtained 8 cases showed a blood 3 '^ and 2 a serous discharge. ne 
the 8 patients were treated by simple amputation; 1 of 
carcinoma of the stomach one 3 'ear later. The other 3 and t le 
with a serous discharge were treated by' local excision. 
free from recurrence, although 3 were subsequent^ operate 


involvement of the opposite breast. 

Antecedent Treatment . — Of the 43 patients who at some 
time had had lesions in the breast, 10 had had local excisions 0 ^ 
masses (fibro-adenomas and areas of cy^stic disease) | i^cal 

breast and 12 from the opposite breast (table 7). In 1 
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excision had been performed, and in 2 local excision of one breast had 
been combined with simple amputation of the other. Seven stated that 
the)^ had had lactation mastitis or an abscess in the same breast. Seven 
had undergone a simple, and 1 a radical, amputation for benign lesions. 
On 3 patients the radical amputation for cancer had been performed. 

Distribution of Disease Process . — ^The distribution of the disease in 
the breast, as revealed by clinical examination, was, for the sake of 
convenience, designated as localized, multiple and diffuse (table 8). Any 
single mass occupying no more than one third of the breast was called 


Table 7. — Antecedent Treatment 



Excisions for Benign 
Lesions 

A 

r ' 

Same Opposite 

Amputa- 

tions 

for 

Benign 

Amputa- 

tion 

for 

Mastitis 

and 


Breast 

Breast 

Lesion 

Cancer 

Abscesses 

Group A 

12 

11 

7 

s 

6 

Group B 


1 


.. 

1 

Group C 


.. 

1 





■ ■ 

— 

— — 

- 

Total 


12 

8 

3 

7 


Table 8. — Distribution in Relation to Type of Treatment 


Localized* * Multiple Diffuse Total of 

, ' > < * V < — — :±:z Adequate 

L. E. s. A. L. E. S. A. L. E. S. A. Histories 


Group A 139 18 11 8 2 5 183 

Group B 23 2 . . 2 . . 3 30 

Group C 9 2 1 1 . . 1 li 

Total 171 22 12 n 2 9 227 

' < ' ' , ' ' . ' 

Percentage 83,0 10.1 4.9 100 


* L. E. indicates local excision; S. A., simple amputation. 


localized. The excision of no more than one half of the breast was 
considered a local excision. 

Of 227 patients of whom an adequate description was available, 193 
(85 per cent) had localized, 23 (10.1 per cent) had multiple, and 11 
(4.9 per cent) had diffuse, distribution. Fourteen of this number had 
bilateral localized involvement and 1 had bilateral multiple involvement. 
Seven of the 14 patients with bilateral involvement were treated by local 
excision in one breast only, and 7 underwent local excision in both 
breasts. Bilateral simple amputation was performed on the patient with 
bilateral multiple tumors. 

The influence of the distribution of the disease within the breast 
on the type of treatment administered is indicated by the high percentage 
of multiple and diffuse processes in the cases of amputation. 
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I'aUoxc-Vp Period . — Series I: 'j'wo Initiclred and thirty-three 
patients were treated by local excision (table 9). The minimum fol- 
low-up period was two years, and the maximum, fourteen years. 

Of the entire series of cases, 89.2 per cent were followed three or 
moi'c years, 60.4 j)er cent were followed five or more years, and 15.9 
per cent were followed ten or more years. 

Of the 190 cases constituting the simple cystic group (group A), 
89.5 per cent were followed three years or more, 62.1 per cent, five 
years or more, and 16..5 jier cent, ten years or more. 


Taiii.k 9. — roll(ni’-U{> hy Years 






Years 







Per- 

cent* 


ft 

O 

4 5 0 

7 

s • 0 

10 

11 

12 

13 

14 Total 

age 

Group A* 

20 

SO 

22 25 21 

IS 

0 14 

11 

0 

7 

S 

4 

190 

81.9 

Group C( 

O 

s 

14 4 

3 

2 1 

0 


2 

. , 

4 . 

29 

12.5 

Group C 

,, O 

o 

1 2 .. 


« • 4 ♦ 

1 


1 



13 

5.6 

Groups U (inii C.. .. 

« . S 

1.3 

2 0 4 

3 

2 1 

3 

. . 

3 



42 

IS.l 

















-s— 



Total 

25 

43 

24 31 25 

21 

11 15 

14 

0 

10 

3 

4 

232 


Percentage 

10.S 

3S.5 

10.3 13.4 10.S 

0.1 

4.7 0.5 

0.0 

2.0 

4.3 

1.3 

1.7 


ICO.O 


Scries 

II, Patients Treated by Simple Amputation 





Group A 

1 

7 

4 5 0 

3 

4 5 

2 

3 

2 



42 

75.0 



O 

fi 



1 

1 



, . 

7 






1 



1 




7 

12.5 

Groups B and C 

1 

2 

5 2.. 

1 


1 

2 


.4 

4 . 

14 

25.0 


— — 

- 









— ‘ • 

— 


• 


Total 

0 

0 

0 7 0 

4 

i 5 

3 

5 

2 



56 


Percentage 

3,0 

10.1 

10.1 12.5 10.7 

7.1 

7.1 S.9 

5.4 

6.0 

3.0 






Number.. 


Combined Series 

27 52 S3 3S SI 25 13 20 17 11 12 
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* In ono case cancer developed within one year, 
t One patient died one year inter of cnrcinomB of the stomach. 


Of the 42 cases constituting the adenocystic groups (groups an 
C), 88.1 per cent were followed three years or more, 52.3 per cent, le 
years or more, and 14.2 per cent, ten years or more. _ 

In 1 of the 233 patients, carcinoma of the breast deveiope im 
one year. The history of this case follows : 

Case 45, Group A. — A married woman, aged 45, who had f t^the 

but wliose menses had always been regular and normal, was j,(,gr 

hospital because of a small, discrete, unattached mass in t e rsg 
the nipple. Four years before, a small fibro-adenoma had been 
same breast, close to the site of the new tumor. On local discovered 

proved to be simple cystic disease. Seven months later a sma m . jhjs 

in the same breast in the upper and outer quadrant near ® per- 

was excised and found to be frank carcinoma. A radical ^ 
formed one month later, and although histologic examma 'O” recurrence 

ment of one axillary lymph node, the patient has remame 
for three and one-half years. 
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Among the 233 cases, there were 4 deaths, 3 of which were unrelated 
to carcinoma. Two of these patients (cases 28 and 179, belonging to 
the simple C 3 'stic group) died five and ten years after* the operation, 
of suicide and apoplexy, respectively. The third (case 12, adenocystic 
group, grade I) was followed twelve years and died, according to her 
physician’s report, of “heart and kidney trouble." The fourth patient 
(case 22, adenocystic group, grade I) died of carcinoma probably origi- 
nating in the pelvis. Her history follows ; 

She was 37 years old and unmarried. There is no record of her symptoms 
or of their duration. At operation a mass of X 1/4 inches (1,767.8 cm.) was 
removed from the upper and outer quadrant of the right breast. The specimen 
(fig. 2 A) was sent to Dr. Bell, who made a diagnosis of cystic disease. The 
area illustrated is the only portion of the section which showed epithelial 
hyperplasia. 

After two and one-half years, a small mass recurred in the same breast. 
Operation was repeatedly refused. Four and one-half years after excision the 
mass had increased slightly, and pain had developed in the pelvis and groins. 
Small inguinal masses appeared. A letter from the patient’s physician stated 
that she died five years after the mammary tumor was excised, with large inguinal 
masses and with “generalized carcinomatous metastases” to the pelvis. 

Series 11; Fifty-seven patients were treated by simple amputation. 
Of 56 patients who were followed for periods ranging from two to twelve 
years, 96.4 per cent were followed three years or more, 64.2 per cent 
five years or more and 17.9 per cent ten years or more. 

Two of these patients died, one of carcinoma of the breast and 
the other of “carcinoma of the stomach.” The histories of these 2 cases 
follow '. 

Case 23, Group A. — Two years previously a married woman, aged 42, had 
noted a small mass in the right breast. This had subsided spontaneously. Shortly 
before her admission to the hospital, a mass had again developed in the lower 
outer quadrant of the right breast. This was described as being of the size of 
a hen’s egg and freely movable, with none of the clinical signs of malignancy. 
The breast was amputated and found to contain one large and numerous small 
cysts varying from microscopic dimensions to diameters of 5 mm. or more. The 
diagnosis of cystic disease was made by Dr, Bell. Approximately ten years 
later, generalized deep-seated pain developed. Examination revealed a heretofore 
undiscovered mass in the remaining breast. Roentgenograms of the skeleton dem- 
onstrated diffuse bony metastases. One year later the patient died of generalized 
carcinomatosis. Unfortunately, none of the slides or tissue blocks from this 
patient could be obtained for photographic reproduction. 

Case 5, Group B.— A married woman, aged 56, had one child, who had not 
been nursed. One month prior to her admission to the hospital she noticed bleedin" 
from the right nipple. The examining surgeon found a small mass in the lower 
outer quadrant of the breast. The entire breast was removed, and the diagnosis 
of cystic disease was made. The patient moved out of the community and was 
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not seen npaiii by tlic .siirffcon. A letter from her iuisbanci stated that she died 
one year later from ndiaf lier attending’ physician diagnosed as carcinoma of the 
stomacli. 

Kccurroiccs. — liccttrrcnccs iit the same breast developed in 18 of 
the (taticiits treated hy local excision, new involvement in the opposite 
breast developed in 15 and both a recurrence and new involvement devel- 
oped in 2 (table 10). Six of the IS recurrent growths were treated 
b}' local excision and 4 by amputation. No treatment was given 8 
patients. Seven of the 15 patients with new involvement underwent 
local excision ; 2 were treated 1)}' simple amputation, and 1 by radical 
amputation under the mistaken clinical diagnosis of cancer. Five 
received no treatment. One of the 2 patients in whom recurrence and 
new involvement were combined was untreated; the other underwent 
simple amputation of the newly involved breast two years later and local 
c.X'cision of the recurrent mass three years later. 


Taole 10. — Recurrences and N'esv Involvements 


Local Excfelon, Series 1* 


nccurrcnccs 


Xciv Involvements 


New InvolvementSi 
Simple Amputation 
, Series 


Group A 

Groups 13 nnd C 


L. E. 

C 

I 


S. A. 

3 

1 


No 

Treatment 

6 


L.E. 

5 


S. A. 
1 
1 


No ! 

Treatment 1. E. 
4 1 

1 2 


S. A. 
4 


* One patient of croup A hnci n radical amputation for a new Ittvolvment ta the 
breast. Ttvo patients of croup A liad both recurrence and new simple 

no treatment. On tlie other local excision was performed for the recurrence 
amputation of tlio newly involved breast. 

In 7 of the patients treated by simple amputation masses subse 
quently developed in the remaiiiing’ breast. Four were treated y simp e 

amputation and 3 by local excision. 

A slightly greater tendency to recurrence in the cases of a enocys ic 
disease may be indicated by the finding of recurrences in 21.4 per cei^ 
of the combined adenoc 3 '^stic groups (groups B and C), as comp^e 
with recurrence in 13.9 per cent of the simple cystic group (group 
However, this difference is too small, and the discrepancy in t e num 
of patients in the two groups too great, to warrant any 
conclusions. , 

Cystic Disease in Male Patients . — In addition to the cases 
described, there were 9 cases of cystic disease in male P^^i^en 
surgically. Their ages varied from 14 to 48 years. Since e 
element of the male breast is veiy limited and confined 

near the nipple, the extent of the pathologic process is a w 

to the area of the nipple or its vicinity. The removed in 

as being the size of a walnut. Previous masses ^ad 
2 instances. The patients were followed from three to 
are living and well. There were no recurrences. 
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SUMMARY AKD COMMENT 

Two closely related problems merit discussion. The first is concerned 
with the diagnostic criteria for the differentiation of benign from malig- 
nant hyperplasia. The second is concerned with the probable course 
of the pathologic process when only the mass or a portion of it is removed 
and the breast preserved. 

Diagnostic Criteria. — ^The difficulty which confronts a pathologist in 
the diagnosis of border-line tumors is well illustrated in the following 
2 cases; 

Mrs. M. R., aged 50, who had borne eleven children was admitted to the 
Minnesota General Hospital in July, 1926, complaining of a brownish discharge 
from the right nipple of seven months’ duration. Both breasts were pendulous. 
The right was the larger and demonstrated diffuse nodularity with a definite 
indurated area above the nipple. Three small axillary lymph nodes were palpable 
on the same side. At exploration I removed a mass 5 cm. in diameter from the 
upper half of the breast. The diagnosis of adenocystic disease was made from a 
frozen section. The operative note describes the breast as the site of “diffuse 
cystic disease with the major area above the nipple. ... the gross picture 
could be easily confused with carcinoma because of the hardness of the tumor.” 
Local excision was performed. Four months later, because of a tumor mass 
medial to the scar, the patient? consulted another surgeon at a private hospital. 
The recurrent mass was removed, and this time the diagnosis, made by another 
pathologist, was adenocarcinoma. A radical amputation was performed. 

Recently I secured sections of the amputated breast and the axillary lymph 
nodes. No metastases were found in the nodes. Figure 2 B illustrates the section 
on which the diagnosis of carcinoma was made. Dr. Bell and Dr. O’Brien have 
reviewed this slide and reaffirm the original diagnosis of adenocystic disease. The 
patient was alive and well more than six years later. 

Mrs. N. H., aged 39, presented herself for operation in February, 1929, for 
fibroid tumors of the uterus. Five years before a small area of cystic disease 
had been removed from the left breast, the diagnosis having been made in the 
department of pathology of the University of Wisconsin. A recurrence of the 
mass and a new involvement of the opposite breast had been under the observa- 
tion of her surgeon for two years. Because of increasing induration he had decided 
to remove the recurrent mass. While the patient was convalescing from a hysterec- 
tomy, the mass was removed locally. From frozen sections. Dr. Bell made a 
diagnosis of adenocystic disease with probable early carcinoma. Simple amputation 
was performed, and 50 mg. of radium was inserted into the tissues about the 
wound. A later study of paraffin sections (figs. 2C and D) did not eliminate 
a fear of the possibility that this breast harbored a malignant tumor. Consequently 
the simple amputation was converted into a radical amputation by the later removal 
of the axillary glands. The glands showed no evidence of metastases, and the 
patient is living and well at the time of writing. Dr. Bell has reviewed these 
sections and is convinced that the lesion is benign and represents only one of 
the extremely hyperplastic forms of adenocystic disease. 

The first of these cases illustrates a difference of opinion between 
pathologists, rvhile the latter illustrates the natural unwillingness to 
subject a patient to the risk of an inadequately treated malignant condi- 
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tioti, even Ihovtgli it seems highly probable that the lesion is benign. 
'I'liey arc excellent examples of border-line lesions. 

IJloodgoocl (1931) has iiointcd out that when the diagnosis of malig- 
nant growth can be easily made, the course of the disease and its prog- 
nosis are characteristic of cancer. When the tumor is of doubtful nature, 
and the diagnosis is sul)jcct to disagreement, the glands are, with the 
rarest exception, not involved, and the patient survives regardless of 
the type of treatment. 

Slight damage is done to the true picture of either cystic disease or 
carcinoma if these border-line eases, even tbough radical amputation 
is performed, arc set apart as a separate group. Their inclusion and 
acceptance as eases of true malignant changes increase the percentage 
of eases in which carcinoma is described as arising in an area of c 3 stic 
disease. Bell estimates the incidence of such occurrence at 3 per cent 
of all eases of malignant changes, an incidence only slightly higher than 
the incidence of carcinoma in the normal breast as shown by lital sta 


tistics for the year 1929. 

Also, by assuming that the lesions represent cancers of low ma ig- 
nancy, one is given a false impression of the curabilitj o cancer. ^ e 
neccssar}' and commendable conservatism ,on the part o patioogs 
restricts the rapid acquisition of knowledge concerning these q^stionawe 
tumors. Future progress, and the only method by ^ 

benign lesions can be enlarged at the expense of tie or er in > 
lies in the frequent interchange of slides betiveen pat lo ogis s a 
publication of photomicrographs of lesions the chnica course 

has already been determined. the 

Gradually, as confidence groivs and as circumstances— sue 
refusal of patients to accept, or the inability to wdt istan , ra 
tion — add cases of border-line tumors m which hmite 
done, the diagnostic criteria may be shifted in a irec lo 
increase the benign group and dimmish the malignant 

The diagnostic criteria which have been generally adopted ^ 
ized in the hospitals from which the material here 

are those of the department of patholo^^ a depends largely 

sota, which teaches that the diagnosis of cystic dise 1 

on the preservation of the lobular arrangemen o lobules. 

any degree of hyperplasia may occur so long i producing 

A certain reservation is made m the type o } differen- 

papillomatous growths in the larger ducts. i recommen- 

tialing this lesion from cancer of the duct has r J tedjnj 

dation of the complete operation m a nunibei 

felt that the lesion was probably benign Bloodg t 

strated limited invasion of connective fssne m lesions 
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of which he has established by clinical follow-up. Thus far we have 
been unwilling to overlook invasion as a sign of malignant change. 

Figures 3A, 3C,4A and 4C illustrate lesions which a large pro- 
portion of surgical pathologists Avould call benign, but which some 
would undoubtedly label as malignant. Attention is called to the greater 
diagnostic value of low magnifications. Figures 3B, 3D, 4B, 4D 
and 6 B represent photomicrographs of lesions shown with lower mag- 
nification in figures 3A,3C,4A,4C and 6 A. With a high magnifica- 
tion the differentiation from cancer is difficult or impossible without the 
knowledge, revealed by low power magnification, that the epithelium 
is everywhere confined to the ducts or acini. 

The picture of cystic disease should not be confused by the presence 
of hyperplastic forms of the sweat gland type. These structures are 
frequently encountered in association with all forms of the disease. 
Figure 1 C illustrates a group of acini of the sweat gland type occurring 
in simple cystic disease. Figure 1 D illustrates the same process asso- 
ciated with adenocystic disease. The degree of epithelial activity in these 
glands is approximately the same, regardless of the activity of the 
normal-staining epithelium. They are not regarded as precancerous. 

Since it is considered that local excision or simple amputation is 
insufficient to cure true carcinoma, 290 followed cases in which the 
accuracy of the diagnosis is verified are presented. In none did local 
cutaneous, axillary or supraclavicular metastases develop, as would be 
anticipated in the event that a malignant condition had been mistaken 
for cystic disease. 

In 1 patient (case 75, series I, group A) carcinoma developed seven 
months after the removal of an area of cystic disease. That these 
represented separate lesions is indicated by the fact that the area of 
cystic disease was small, of the simple type and located near the nipple, 
while the malignant growth was of the undifferentiated infiltrating 
variety, occurring at the edge of the breast near the axilla. 

One patient (case 23, series II, group A) who died of generalized 
metastases eleven years after simple amputation of one breast can 
logically be considered as having had in the other breast a carcinoma 
which had gone unrecognized, although the possibility must be enter- 
tained that the proper block of tissue from the amputated breast was 
not received for diagnosis. 

In the absence of local cutaneous metastases and of axillary or supra- 
clavicular metastases the death in case 22, series I, group B, cannot be 
accepted as due to carcinoma of the breast. The presence of inguinal 
masses and the physician’s description of carcinoma in the pelvis sugo-est 
that death was due to carcinoma originating in the pelvis. 
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Table 11. Sciics I, Patients Treated by Local Excision (Orouf) A, Si)iiplc Cystic Disease) — Continued 
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After a consideration of the literature, it seems obvious that the 
criteria here used represent entirely different standards for the diagnosis 
of malignant tumors from those used by many writers. 

That pathologists are revising their diagnostic criteria is shown by 
Bloodgood who in 1915 and again in 1930 submitted sections of border- 
line tumors to able and prominent pathologists. Whereas in 1915 the 
majority of sections had been considered malignant, in 1930 most pathol- 
ogists considered them benign. 

It may reasonably be concluded that in this series of 290 cases, the 
diagnosis of benign lesions has been substantiated by the clinical course 
of the disease and that the diagnostic criteria as established at the Uni- 
versity of Minnesota have thus far proved safe. 

Probable Course of 'the Disease . — In drawing conclusions relative 
to the risk of malignant change occurring in cystic disease, we are 
justified in using cases in which only the clinically recognizable or grossly 
pathologic areas have been removed. The tendency of the process to 
extend and to involve the opposite breast is generally recognized (Reclus 
[1883], Schimmelbusch, Lichtenhahn, Cheatle [1930], and others). 
The high incidence of recurrence is consistent with this tendency. 
Furthermore, the pathologic process is always more extensive than the 
clinical or gross pathologic observations indicate (Brissaud [1888], Saar, 
and others). Tietze (1904) and Goens-Rosales found a high incidence 
of cystic changes in elderly women without clinical evidence of the 
disease, while Askanazy (1925) found a similar high incidence, not only 
in senile breasts, but in the breasts of women under 40. It is probable 
that local excision of clinically recognizable lesions never effects a cure 
in patients with cystic disease. 

The recognized tendency toward bilateral involvement renders the 
57 cases in which simple amputation was performed of some value, but 
the greatest dependence in determining the risk of subsequent malignant 
change must be placed on series in which the breasts have been preserved. 
Of 233 cases of this type carcinoma of the breast developed in only 1. 
For reasons previously outlined, this development is reasonably consid- 
ered coincidental with rather than an outgrowth of the previous disease 
process. 

Of the 233 patients, 43, or 18 per cent, had lesions composed of 
forms in which epithelial hyperplasia was active or in which it dominated 
the picture. In none of these breasts did carcinoma subsequently develop. 
There is no evidence to support the view held by Semb, Kilgore (1928) 
and others that this form, in contrast to simple cystic disease, is sus- 
ceptible to malignant change. 

Aside from showing the suggested greater tendency of hyperplastic 
forms to recur and to involve the opposite breast, nothing was learned 
and no advantage was gained by separating and grading adenocystic 
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disease. Of the 57 patients treated b)' amputation, carcinoma probably 
developed in the opposite breast of 1 patient, making a total incidence 
of 2 cases of carcinoma of the breast in 290 of the patients who were 
followed, or 0.7 per cent. 

CONCLUSIONS AND RECOMMENDATIONS 

The evidence here advanced justifies the following conclusions : 

Cystic disease is not a precanccrous lesion, and malignant changes 
are no more likel}' to develop in a breast showing the disease than in 
one which is entirely normal. No evidence was obtained from this mate- 
rial to justify the contention that the adenocystic form of the disease 
is more dangerous than the simple cystic form. 

Diagnostic criteria which have withstood the clinical test of time 
are available and justify a more liberal interpretation of the histologic 
picture in favor of benignanc}'. 

The adaptation of these views to the treatment of cystic disease 
will still allow considerable latitude in the procedures recommended. 

One may approach the problem of treatment with the easy philosophy 
that the total removal of mammary tissue will for all time relieve the 
patient of worry and risk, and the surgeon of responsibility. However, 
it is assumed as basic that the preservation of the breasts, both from 
the functional and the cosmetic standpoint, is desirable and commendable 
if it can be accomplished with reasonable safety to the patient. 

From the standpoint of risk of malignant degeneration, there is no 
more justification for the amputation of breasts containing cystic disease 
than for the routine removal of normal breasts to prevent the inevitable 
occurrence of carcinoma in approximately 2 per cent of cases. 

Using the word "conservative” in its broadest meaning and endowing 
it with all surgical virtue, I have formulated the following policy as rep- 
resenting the conservative attitude toward cystic disease of the breast. 
It is based on the fear that carcinoma may be present and unsuspected 
at the time of examination, rather than on the fear that a malignant 
condition will subsequently develop. It calls for an exploratory incision 
and limited operations frequently and only rarely for amputations. It 
throws a great burden on the pathologist and demands his thorough 
familiarity with the various forms of cystic disease which may simulate 
malignancy. It is designed to afford the patient the maximum pro- 
tection with the minimum anatomic and functional loss. 

All single solid tumors in a woman over 25 years of age should 
be removed for diagnosis. While, as Ewing has stated, the diagnosis 
of carcinoma can, in the majority of cases, be made from the gross 
tissue at the operating table, a competent pathologist with facilities for 
examining frozen sections should be available for the 10 or 20 per cent 
of cases in which this is not possible. 
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Single small localized areas, even though clinically characteristic of 
cystic disease, are better examined by a biopsy. Under the age of 25 
malignant tumors arc so rare that in the absence of clinical signs of 
malignancy there is no need for operation, or at least operation may 
be delayed. 

^Vhilc the presence of multiple tumors in one or both breasts is strong 
evidence of the benign nature of a process, I prefer to remove one 
or more of the most suspicious on the basis that if carcinoma is develop- 
ing in a breast containing bctiign masses, it can only be recognized 
clinically after it has become characteristic and hence after late signs of 
nialignanc}' ha\’c developed. B}' excising the most suspicious area the 
danger is not obviated, but it is minimized. 

Cysts suflicicntly large to be recognized clinically or by transillumi- 
nation also strongly indicate benignancy. The incidence of 5 carcinomas 
in 500 cases of blue-domed cysts was reported by Bloodgood (1929). 
In each case it was the malignant tumor which was palpated and oper- 
ated on. The cysts were onl}' accidentally discovered at operation. 

There is a sufficiently large number of reported cases, however, in 
which cancer developed in the wall or in the immediate neighborhood 
of a cyst (Bartlett [1924], Adams, McGlannan, Fitzwilliams and others) 
to make the excision of a single C)'St advisable. When C 3 'sts are multiple, 
the risk involved does not warrant an extensive procedure or the loss 
of the breast. 

There is an increasingly large number of patients with a condition 
so characteristic that no operation is recommended. The best examp e 
of this is the diffuse form of C 3 ’^stic disease, the shotty or nodular bieast, 
the greater part of one or both breasts being involved and no one area 
standing out more definitely than another. Such patients need not e 
operated on, but must be closely observed. 

When one area in a diffuse process stands out more prominent y 
or when, under observation, an area develops and becomes more promi 
nent, exploratory incision and biopsy are indicated. The remain e 
of the breast is of no value in determining the nature of this nev 
developing portion. 

Bleeding from the nipple demands the localization of the 
the blood and the removal of that portion of the breast for 
Over 50 per cent of such cases will prove benign. When t re 
are multiple, it ma 3 '^ be necessary^ to remove the breast. 
is dictated not through fear that malignant changes wil 
rather because they are already established and responsi e or 
of the bleeding. The radical operation should be performe 


ignancy is proved. _ , 

In applying these principles the age of the of 

le consideration. What is a conservative procedure 
is not necessarily^ so in one of 50. In the older woman 
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of function is past, the loss of the breast is not of such vital concern, 
and the risk of developing cancer is greater. 

For this reason I believe that in certain instances simple amputation 
of the breast is justified. Particular!}' is this true when limited excision 
does not remove the entire process, and when the consistency of the 
remaining mammary tissue so obscures a developing carcinoma that 
the patient would lose her greatest opportunit)' for an early diagnosis 
and cure. 

There can be no compromise with the dictum which demands radical 
operation in all cases in which histologic examination still leaves the 
experienced pathologist in doubt. 

Greater knowledge and altered diagnostic criteria will in the future 
cause fewer unnecessary radical amputations to be performed. 

In view of the limitations imposed on clinical methods of diagnosis, 
the procedures outlined seem reasonable and are consistent with my 
conception of what is best for the patient. 
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PEPTIC ULCERS 


COMPARATIVE FREQUENCV AFTER DEPRIVATION OF BILE AND 
PANCREATIC JUICE 

BENJAMIN N. BERG, M.D. 

NEW YORK 

During the past few years, in connection with other investigations, 
I examined a number of animals deprived of their pancreatic secretions 
by means of fistulas, ligation of the pancreatic ducts and pancreatectomy 
and was impressed by the infrequent occurrence of peptic ulcers in 
these animals compared with dogs in which bile was excluded. In 1926, 
Kapsinow ^ produced duodenal ulcers in seventeen of forty-three dogs 
by excluding bile from the intestine by means of cholecystonephrostomy, 
with ligation and division of the common duct. In 1930, Berg and 
Jobling- observed that peptic ulcers developed in ten of twenty-three 
dogs with biliar}'- fistulas and biliary obstruction. Bollman and Mann ® 
reported the occurrence of peptic ulcers in sixty-four of eighty-seven 
dogs with jaundice after ligation of the common duct. Kim and Ivy 
found ulcers in six of ten dogs with biliary fistulas. Loewy observed 
duodenal ulcers in three of ten dogs deprived of bile by means of fistulas 
and by choledocho-ureteral anastomosis. Hosomi ® and Ivy, Schrager 
and Morgan ’’ found duodenal ulcers in dogs after plastic opei-ations 

From the Department of Pathology, Columbia University College of Physicians 
and Surgeons. 
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Oil tlic common chict, which were usually accompanied by evidences of 
biliary obstruction. 

fvclativcly few reports have appeared concerning the incidence of 
ulcers after the deprivation of pancreatic juice. Ivy and Fauley® found 
lesions in six of sixt 3 '-onc animals after ligation of the pancreatic ducts. 
I found no changes in the stomach or duodenum in five dogs twenty- 
three, forty-seven, fifty'-threc, eight)' and ninety-seven days after ligation. 
Dragslcdt ^ observed no delay' in the healing of e.xperimental gastric 
ulcers or the formation of new ones in ten dogs after ligation of the 
minor pancreatic duct and transplantation of the major duct into the 
lower part of tlic ileum. In four dogs with pancreatico-ureteral anastomo- 
sis which had existed for sixteen, twenty-seven, thirty-four and thirty- 
seven days, respectively, and in one with a fistula of thirty'-two days’ 
duration Loewy found no duodenal ulceration after the prolonged loss 
of pancreatic juice. On the other hand, Elman and Hartmann reported 
the occurrence of defects in the mucosa of the duodenum in all the 
animals of a series of six dogs with pancreatic fistulas of from thirteen 
to eighteen days’ duration. These investigators attributed the lesions 
in the duodenum to the loss of the neutralizing effect of pancreatic juice 
on gastric acidity' and minimized the importance of bile as a factoi m 


the development of peptic ulcers in dogs. 

In a series of eight depancreatized dogs which I examined sixty-one, 
seventy-eight, one hundred and thirty, one hundred and fifty-six, two 
hundred and tiventy'-three, two hundred and twenty-five, two hundre 
and fifty-eight and tu'o hundred and seventy' days after complete pan 


createctomy the stomach and duodenum ivere normal. 

The following observations were made on a series of sixteen dogs 
which were deprived completely of pancreatic juice by means of fistu as 
made according to the technic of Rous and McMaster, as adapte y 
Elman and McCaughan.^^ The daily' ration of food, which consiste 
the standard laboratory diet, was supplemented by sodium c i on^^ 
administered intravenously' in phy'siologic solution or in 5 per 
tion by stomach tube. Tivo dogs (36 and 58) received no a i 
sodium chloride, but showed a spontaneous adjustment of serum e 


8. Ivy, A. C, and Fauley, G. B.: Factors Concerned in uJeer 

nicity of Ulcers in Stomach and Upper Intestine; Susceptibility o jeju u 
Formation ; Effect of Diet on Healing of Acute Gastric Ulcer, m. 

531 (March) 1931. . j t the author. 

9. Dragstedt, C. A.: Unpublished observations communicated to ^ 

10. Elman, R., and Hartmann, A. F.: Spontaneous 1931- 

After Continued Loss of Total Pancreatic Juice, Arch. Surg.^ • Sgcretiou 

11. Elman, R., and McCaughan, J. M. : Collection of Entire x 

of Pancreas Under Sterile Conditions and Fatal Effect of Total Los 
creatic Juice, J. Exper. Med. 45:561 (March) 1927. 
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trolytcs, which will be described in detail in another paper. Although 
the administration of electrolytes prolonged the lives of the animals, 
all lost weight and after varying periods exhibited signs of profound 
metabolic disturbances. At postmortem examination the livers showed 
degenerative changes consisting essentially of fatty infiltration and 
necrosis of the hepatic cells. The lesions varied in severity in different 
animals and were frequently accompanied by numerous dilated bile 
canaliculi. There was no obstruction of the extrahepatic bile ducts. 
Complete autopsies were performed on all of the animals, and histologic 
studies of the tissues were made. The presence of accessory pancreatic 


Rcsidls of Deprivation of Pancreatic Juice in Sixteen Dogs Studied 


Dog 

Days ot 
Secretion 

Average 24 Hour 
Output ol Panere- 
atle Juice, Cc. 

Ulcers 

Comment 

152 

12 

200 

0 


140 

14 

700 

0 


153 

14 

300 

0 


70 

10 

275 

0 

Multiple superficial mucosal erosions 

89 

18 

200 

0 


17 

20 

200 

0 


147 

20 

2S0 

0 


53 

20 

450 

0 


49 

20 

300 

0 

Multiple superficial mucosal ero- 

156 

22 

225 

0 

slons; jaundice 

29 

23 

383 

0 


52 

25 

600 


Peritonitis due to two perforated 

36 

25 

800 

0 

duodenal ulcers; jaundice 

154 

27 

650 

0 


58 

31 

400 

0 


103 

37 

300 

0 

Jaundice 


ducts and recommunication of the pancreatic duct system with the intes- 
tine were ruled out by careful dissections post mortem. The results 
■with respect to the occurrence of ulcers and other conditions are pre- 
sented in the accompanying table. 

RESULTS 

Analysis of the results shows that in only one instance (dog 52) 
were definite ulcers encountered after the loss of pancreatic juice. In 
this dog there were two perforated duodenal ulcers, which gave rise 
to diffuse peritonitis. It is interesting to note that this animal was one 
of three in which jaundice developed in association with marked degen- 
erative changes in the liver. 

In two animals (dogs 70 and 49) multiple small superficial erosions 
of the gastric and duodenal mucosa were found. I do not include such 
lesions within the category of ulcers, because similar changes are found 
m dogs under a variety of circumstances, viz., excessive vomiting, severe 
intoxications, infections, uremic poisoning and bilateral suprarenalec- 
tomy and as a terminal phenomenon. Until more is known concerning 


12. Berg-, B. N., and Zucker, T. F.; Liver Changes After Deprivation of 
External Pancreatic Secretion, Proc. Soc. Exper. Biol. & Med. 29:68 (Oct.) 1931. 
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the etiology and development of ulcers, I believe that it is better, espe- 
cially in experimental studies, to restrict the term "ulcer” to defects 
which involve one or more muscular layers as well as the mucosa and 
which corres])ond to the acute or chronic penetrating or perforating 
lesions that are euconnlcred in man. This will diminish the confusion 
which c.xists concerning' the interpretations of the results of different 
investigators due to the fact that no distinction is made between simple 
erosions and ulcers. 

In some instances marked congestion of the mucosa of the duodenum 
and upper part of the jejunum was present. 


COMMENT 


Mr* results tend to indicate that the absence of neutralization of gas- 
tric acidity by alkaline secretions, such as pancreatic juice, is not an 
important factor in the production of experimental peptic ulcers in dogs. 
This fits in with the observations of those who found that gastric acid- 
ity is regulated b}' such factors as variations in the rate of secretion of 
h3'^drochloric acid, the amount of neutralization of the acid by bases in the 
mucus and food, the degree of dilution of the gastric contents, gastric 
motility and pyloric function, rather than by the regurgitation of alka- 
line duodenal fluids. 

Despite the fact that I employed a larger number of animals than 
Elinan and McCaughaii and that the periods of drainage were in many 
instances longer, the incidence of ulcers in my series of dogs was much 
lower than in theirs. The absence of lesions in completely depancre- 
atized dogs which were deprived of their external pancreatic secretions 
for much longer periods of the time than the animals with fistulas con 
stitutes further important evidence against the role of pancreatic juice m 
e.xperimental ulcer formation. . ' 

In an earlier investigation ■ it was suggested that alterations m 
hepatic function other than the secretion of bile might be factors ^i^^ 
the etiology of experimental peptic ulcers. Recently, Ivy, Schrager a i 
Morgan reintroduced this possibility and stressed the importance 
jaundice and hepatitis in the development of ulcers in dogs wit 1 

degrees of biliary obstruction. However, the livers of dogs epr 


13. (a) MacLean, H., and Griffiths, W. J.: The Automatic 

Gastric Acidity, J. Physiol. 66:356 (Dec. 20) 1928. H) cAug.) 

on the Control of the Acidity of the Gastric Juice, Am. J. Physio . ‘ 

1929. (c) Hollander, F., and Cowgill, G. R.: Studies m Gastric e 

trie Juice of Constant Acidity, J. Biol. Chem. 91:151 (Apri ) • of 

C, and Goodhart, G. W. : Mucus Factor in Automatic Control o 

Gastric Contents, J. Physiol. 77:287 (Feb.) 1933. Contents and Real 

14. Boldyreff, W.: Self Regulation of Acidity of Gastr c Co 

Acidity of the Gastric Juice, Quart. J. E.xper. Phj-siol. 8. ( P 
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o{ external pancreatic secretions often show marked degenerative 
changes/^ although ulcers develop in only a small percentage in my 
experience. As present knowledge concerning the significance of patho- 
logic changes in the liver with respect to function is limited, and as it 
is evident that the exclusion of bile or pancreatic juice is not a simple, 
isolated, experimentally induced deficiency, but involves many other com- 
plicated functional derangements, the interpretation of the mechanism 
underlying the tendency for peptic ulcers to develop under one set of 
conditions and not under others had better be deferred. 

CONCLUSIONS 

In a series of sixteen dogs deprived of pancreatic juice b}' means 
of fistulas for periods ranging from twelve to thirty-seven days, 
duodenal ulcers developed in only one animal. This animal was jaun- 
diced and had marked degenerative changes in the liver. 

In eight animals no ulcers were found in the stomach or duodenum 
from sixty-one to two hundred and seventy days after complete pan- 
createctomy. 

The preponderance of evidence indicates that peptic ulcers develop 
more readily in dogs after the exclusion of bile than after the loss of 
pancreatic juice. 



CHANGES IN THE BONE IN HODGKIN’S GRANULOMA 


LLOYD F, GRAVER, M.D. 

XEW YORK 
AND 

MURRAY M. COPELAND, M.D. 

BALTIMORE 

The bone marrow is more frequently involved in Hodgkin’s gran- 
uloma than is suspected, as is shown by autopsy records. Ziegler found 
the marrow involved in 40 per cent of the cases, while Symmers noted 
medullary changes in 7 of 15 cases. These authors observed a prolifera- 
tion of endotlielial cells, fibrosis and, in some areas, an increase in 
normal cell elements of the bone marrow. Other changes characteristic 
of Hodgkin’s granuloma were present. 

Actual destruction of the bone has been reported from time to time 
with and without roentgenographic evidence. Since the advent of the 
roentgen fays, groups of cases are available in which the earlier symp- 
toms referable to the bones together with the roentgenograms can be 
studied, and the progress of the disease followed to its termination. 


. CLINICAL STUDY 

Of 396 cases registered as Hodgkin’s granuloma in the Memorial 
Hospital, the diagnosis was found to have been confirmed by 
at autopsy in 172. There were demonstrable changes in the bone in 
cases (15.7 per cent) in this group. AVith the exception of 1 case, tie 
changes were demonstrated prior to the termination of the disease. 

The incidence of disease of the bone in this group of cases may 
compared wdth that reported by the authors in table 1. ^ . 

Of peculiar interest is the variable duration of Hodgkins 
before and after definite invasion of the bone. In 12 
occurred within two years after the onset of symptoms (table ), w 
in 15 the disease was evident from two to four years before t ^ 
in the bone. At the time this report was written, H 
living with changes which had existed from four months to t 
In the patients who died, skeletal changes were noted from two 

to two years prior to death. u h ne did not 

A short clinical course prior to involvement of the o ^ 
necessarily presage rapid termination of the disease , neit against 
clinical course preceding invasion of the bone insure t ^ P^ ' ,vhom 
rapid and fatal termination of the disease. In some person 

From the Memorial Hospital for Cancer and Allied Disea 
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changes in the bones developed from one to two years after the onset of 
the disease the subsequent clinical course was at least equal to the 
interval prior to evidence of osseous changes. 

The age incidence did not var}^ from that found in the general group 
of patients with Hodgkin’s granuloma. The greatest age incidence was 
found between 17 and 40 years. The age extremes were 17 and 57 
years. The ratio of males to females was about equal, and in this 
respect the sex incidence varied from that found in cases without 
involvement of the bone. In the latter group the ratio of males to 
females was 2.3 : 1. 

Pain preceded demonstrable invasion of the bone in 17 cases. It 
was of a dull aching or severe and lancinating quality. It was produced 
either by invasion of the nerve roots, by pressure on the nerve or by 
the destruction of the bone. Pain was frequently referred from the 
lumbar region to the lower extremities, and was accentuated by changes 
in posture. Girdle pains were experienced with vertebral changes. 

Table I . — Incidence of Osseous Changes in HodgJdn's Granuloma as Reported 

by V arious Investigators 


Number of Cases with 

Cases Osseous Change Per Cent 


Baldridge and Awe 40 0 13.0 

Uehlinger, 1933 50 17 34.0 

Barron 24 5 20.8 

Kimpel and Belot S3 4 12.1 

Dresser 149 IG 10.7 


The interval between the beginning of pain and the demonstration of 
osseous changes extended from a few days to three years and ten 
months. 

The record of 7 cases gave insufficient data to estimate the relation- 
ship of pain to invasion of the bone. 

In many cases roentgenograms of the affected bones were made 
periodically, and only after a considerable time had elapsed were changes 
in the density of the bone noted. Frequently bones without symptoms 
and totally unsuspected of being diseased showed roentgenographic 
changes. This emphasizes the importance of complete skeletal studies 
in estimating the incidence of invasion of the bone by Hodgkin’s 
granuloma. 

In 1 patient (case 1) pain was present in the back for a year prior 
to death. Roentgenograms repeatedly gave negative results. Five 
months prior to death the right rectus muscle became paralyzed. At 
autops}' marked destruction was found in the spong}- bone of the verte- 
brae (fig. 1). Not infrequently pain with rigidity of the spine and 
localized tenderness were observed, associated with vertebral changes. 
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Signs of coinjM-cssion of the cord have occurred, associated with 
pain. In a few instances this was noted before roentgenologic evidence 
pointed to vcrtt'l)rnl change (cases 3 and 23). In 5 patients (cases 5, 
6, 1/ and 18) compression of the cord was observed from three weeks 
to two years following the appearance of changes in the bone. 

The signs of compression of the cord were: weakness of the 
extremities below the level of compression, paraplegia, anesthesia along 



Fig. 1 (case 1). — Photograph of the lumbar vertebrae remove a 
bisected. It is to be noted that the intervertebral disks are in ac , s 
evidence of destruction. The bodies of the vertebrae show e jj ^,0 

patches of Hodgkin’s granuloma invading the spongiosa of tie one. 
periosteal reaction. 


the distribution of the affected nerve and hyperest lesia 
or shoulder girdle associated with varying degrees o nu 
distal portions of the extremities. Occasionally atrop ly 
was present. Spastic paralysis was an early feature 
cases. 
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Roentgen therapy was effective in ameliorating the spinal symptoms. 
In case 8 a lesion of a rib was found by routine roentgenographic 
examination two months before pain and swelling were observed. 

Osseous changes were found by roentgenographic examination fol- 
lowing the clinical evidence of tumor in the bones in 2 cases. In both 



Fig. 2 (case 8).— A photomicrograph showing active Hodgkin’s granuloma 
invading the haversian canal of a rib. Note the activity of the disease. Endo- 
thelial giant cells are present in large numbers. Many plasma cells and eosinophils 
are seen. There is no evidence of fibrosis. The bone shows erosion with no ten- 
dency to the formation of new bone. 


instances the interval between the appearance of swelling and the making 
of roentgenograms was due to the tardiness of the patient in coming 
under observation. 
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“I’P^'-ed on the left 

stdc o. die chest dunns; ll.e course of the disease. In neither natiei 
ncie c.Moiis dciitoiislralcd m the thoracic vertehrae, but both had Iar<»e 

0 .S , as u.lxd to an nnpingement on nerves, to infiltration of the nerves 

I he disease or to lo.vic substances rcacliiiig the nerves by circiilafory 
])ntlis ( voorhoeve). 

Abdoiniiia! pain (cases 5, 11 and 17) led to examination of the 
gastro-intestinal tract. The pain proved to be referred. It arose from 



Fig. 3 (case 8 ). — A roentgenogram depicting a cj'stlike area of destruction in 
the right sixth rib. Note the central area of destruction with trabeculations. There 
is some periosteal proliferation. 


diseased vertebrae impinging on the nerves, or from large retroperi- 
toneal nodes disturbing the function of the stomach. 

Retroperitoneal nodes frequently cause great distortion in the 
viscera by displacing them, often interfering with the normal function 
of the gastro-intestinal tract. It must be emphasized, however, that in 
some cases Hodgkin’s granuloma actually iiiA'ades the gastro-intestinal 
tract, especially the stomach, ileum and cecum (Graver and Haagensen). 
The following case is an example of Hodgkin’s granuloma im-ading both 
gastro-intestinal viscera and bone. 

Case 8 (table 2) .—.■4ufo/>sy.—Tbe body of E. N., a white youth, aged 21, was 
well developed but emaciated. There was no rigor mortis. The Iwdy was ecpj 
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jaundiced. Small purpuric spots were seen over the chest and the abdomen. There 
Nvas a beginning decubitus ulcer over the buttocks. 

Chest: The heart, by request, was not disturbed, but the e.xternal appearance 
was that of acute dilatation. The pleural layers were distended with yellow, gela- 
tinous edema. Old fibrous adhesions bound down both lungs. A moderate amount 
of straw-colored fluid was obtained from both pleural cavities. The lungs showed 
gelatinous edema throughout, hio large bronchial nodes were observed. No tuber- 
cles were found in the lungs. 

Abdomen : The peritoneum was edematous in its dependent portion. The 
mesentery of the small bowel contained three hard, yellowish calcified nodes, pre- 
sumably old tubercles. The nodes along the aorta from above the celiac axis and 
for a short distance along the iliac vessels were all enlarged and filled with granu- 
lomatous tissue. The bulk of the disease was found in the upper part of the 
abdomen where there was extension into the nodes about the head of the pancreas, 
the bile duct and both suprarenals. The spleen weighed 480 Gm. It was of a 
deep purplish color and on section showed areas typical of Hodgkin's granuloma. 
The liver was large, bile-stained and filled with granulomatous tissue in solitary 
and confluent patches. The stomach showed scattered areas of Hodgkin’s granu- 
loma in the prepyloric segment. The kidneys and bladder were normal. The 
testicles were atrophied. 

Bones ; The right sixth rib appeared involved. The upper lumbar vertebrae 
showed hyperplastic marrow, but no positive evidence of granuloma. The marrow 
of the femurs was hyperplastic. 

Microscopic study revealed Hodgkin’s granuloma of a cellular type involving 
the retroperitoneal, perigastric and pancreatic nodes and the liver, spleen and 
stomach. Old healed calcified and fibrosed tubercles were found in the mesentery. 
The bone marrow of the vertebrae and femurs showed mucinous degeneration 
without evidence of granuloma. The rib was involved. The granulomatous process 
infiltrated the haversian canals and extended beneath the periosteum (figs. 2 and 
3). The periosteum showed an osteoplastic reaction much like that seen in Ewing’s 
tumor (Ewing). 

CONSTITUTIONAL REACTION 

The temperature varied in no particular from that found in the 
larger group of cases without known lesions of the bone. Fever 
accompanied by a slight albuminuria, vvas frequently associated with 
the disease, especially in its active phase. Though a search for Bence- 
Jones bodies in the urine was not a routine procedure, they'^ were not 
found in the cases in which the tests w-ere performed (cases 2, 7 , 13 
and 24). Several tests were made in some of the cases. Galloway 
reported the presence of a Bence-Jones-like protein in the urine of a 
patient with Hodgkin’s granuloma, wdiose kidneys were involved. No 
mention was made of the condition of the bone marrow. 

The blood picture ranged from a normal blood count to one showing 
marked secondary anemia. The white cell count varied from one show- 
ing leukopenia to a count showing marked leukocytosis. A detailed 
analysis of the trend in the blood picture is complicated by the effects 
of repeated irradiation on the blood-forming tissues. In general a 
moderate to severe secondary anemia was frequentlv found. 
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Iinproveincnt in the anemia followed irradiation of the diseased 
bones or lyinpli nodes, unless the marrow received a dose of roentgen 
therapy which tcmporaril}' inhibited the formation of blood. Osseous 
involvement did not materially alter the blood picture from that gen- 
erally seen in the disease. 

LeiilvOC 3 ’tosis was often observed during the course of the disease. 
The diflerential count of the white blood cells showed polymorpho- 
nuclear neutrophils ranging from 38 to 90 per cent. In 20 cases, from 
1 to 6 eosinophils were observed in individual blood counts. Leukopenia, 
when present, usual!}- followed substantial irradiation. A leukocytosis 
was often reduced to a relatively norma! level by irradiation. The 
treatment causing a reduction in the white blood cells was not always 
directed toward the osseous system. The terminal phases of the dis- 
ease revealed a progressive emaciation and anemia. 

OSSEOUS INVOLVEMENT 

A review of the literature ^ indicates that vertebral changes are 
most frequent. The bones involved in the order of their frequency 
were: vertebrae, sternum, pelvis, femur, ribs, skull, humerus, scapula 
and clavicle. Few reports dealt with lesions of other bones. 

Among our own patients the bones most constantly affected were 
those of the spine and pelvis (table 3 and fig. 4). Pathologic fracture 
was rare. In cases 5 and 22 a rib was fractured. In case 22 partial 
collapse .existed in the head of the left humerus together with fracture. 

Collapse of the diseased vertebrae rvas commonly observed (table 2). 

Roentgen Studies . — The osseous lesions as depicted by roentgeno- 
grams were either predominantly osteoplastic (fig. 5) or osteoclastic 
(fig. 6). In the long pipe bones the involved portion was usually 
situated near the proximal end. As the disease progressed, the entire 
bone was frequently involved. When one considers that Hodgkins 
granuloma appears early in the hematopoietic tissues, the reason for t ns 
distribution of osseous inrmsion becomes apparent. Piney, in 1922, ma e 
an anatomic and histologic analysis of the bone marrow. He foun t a 
at birth all of the skeleton except the cranium contained red marrow. 
As the person’s age increased, fatty deposits replaced the marrow gra u 
ally. In the adult, the vertebrae, sternum and pelvis and most o ea 
rib contained red marrow. The only red marrow in the long bones 
found at the upper ends of the diaphyses. 

1. The review of the literature includes all the biliography with 
of the references to ; Copeland and Geschickter, Ewing, Cra\ er 
Galloway, Piney and Voorhoeve. 




Fig. -1. — Diagram sliowing tlic distribution of Hodgkin’s granuloma in the 
skeleton. The black areas represent the most frequent sites of invasion; the 
checkered areas, the common sites of involvement; the diagonal lines, the occa- 
sional areas invaded, and the white areas, the rarely invaded portions of the bones. 


Table 3. — Involvement of Bone in Twenty-Seven Cases of Hodgkin’s Granuloma 


Number ol 
Cases 


Tertebrac 

Cervical G 1 

Thoracic 8 1 

Thoracic 9 2 

Thoracic 10 1 

Thoracic 11 4 

Thoracic 12 4 

Lumbar 1 8 

Lumbar 2 9 

Lumbar 3 7 

Lumbar 4 7 

Lumbar 5 7 

Pelvis 

Ilium 7 

Ischium 3 

Pubis 2 


Sacro-iliac joint, 
Sacrum 


Femur 

Upper third 2 

Mid third 3 

Lower tliird 1 

Humerus 

Upper third 2 

Mid third 1 

Tibia (upper third) 2 

Ribs 1 2 

2 2 

3 1 

4 1 

6 3 

12 1 

Shull 

Frontal bone 2 

Parietal bone I 

Sternum (lower third) 1 


Number ol 
Times 

1 

1 

0 

1 
•J 
4 

8 

9 


12 

4 


3 


1 

3 

1 

2 

1 
1 
3 
1 

2 
1 
1 


Right 


C 

3 

2 

1 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Left 


G 

1 

1 

2 

1 

2 

1 

2 

1 

2 

’i 

*2 
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A progression of the disease was found to accentuate further the 
two varieties of osseous change already mentioned. In many cases 
destruction of bone and the production of new bone accompanied each 
other. 



Fig. 5 (case 19) .-A roentgenogram ® 

both the left and the right femurs. The lesions o the periosteum and a 

osteomyelitis with thickening of the cortex, a prohfera P 

tendenev to obliterate the marrow cavity. The right ^ „,edial 

shows a small area of central destrucHon with 
cortex and a slight periosteal reaction about the area of 

Roentgenograms of the skull in this suirmin hy 

osteoclastic reaction. The areas of ^ l^one. 

varying degrees of increased density, repiesei „ 
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Involvcmi'iit ni tlio Inniix willi extni.'-iDii to tin- iv.'iilaj,'c Iia^ Ik'Cii 
reported ( Ar-kaiiary. I'.'ol ). We liav<- not .'■eeii 5tidi nii invasion In- 
Modi^kin’s j^ramilonia. 

In case 25. tlte .‘-tevnuni. a hone in e!o^e aj)])roxiination to ineolved 
nicdiaslinal nodes, slnnved a inarkeil jH-riosletd reaction (fin- 1 ) witii 
cortical destrnction of tlie l)nne ami with little tendency to tlie formation 
of nc\e hone. 



Fig. 6 (case 12).— Roentgenogram of the left ilium showing a central area of 
destruction. In the distal portion of the ilium small areas of destruction are seen 
with areas of increased density about them. These areas suggest an overlying 
lymph node affected by Hodgkin’s granuloma infiltrating directly into the bone. 
The areas of increased density represent an attempt on the part of the bone to 
Wall off the disease process. 

The lesions in the rib in all instances appeared much like metastatic 
processes with marked destruction. In case 8 (fig. 3), when first observed 
in the roentgenograms the lesion appeared much like a cyst of the bone. 
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There was marked central destruction with a periosteal reaction and the 
formation of new bone which appeared like a shell about the diseased 
bone. 

The vertebrae cither showed complete destruction with partial col- 
lapse or aj^pcared sclerosed, with or without collapse. Sclerosis of the 
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appearance of one or two diseased vertebrae rather than four (fig. 8). 
Dresser, who has made a study of this feature, found that the inter- 
vertebral disks were intact dcs])itc the fact that the hone was destroyed 
about them. Uchlingcr found that the intervertebral disks were some- 
times crushed and broken. In some instances the disks showed step 
formation due to peculiarities of osseous destruction. 



Fig. 8 (case 7). — Roentgenogram showing marked destruction of the third and 
fourth lumbar vertebrae. Partial collapse of the vertebrae is noted. Periosteal 
proliferation together with some formation of new bone is seen. There is increased 
density of the fifth lumbar vertebra. The transverse processes of the fifth lumbar 
vertebra show osteolytic involvement. 

The periosteum of the vertebrae was frequentl}' raised. The sub- 
periosteal proliferation varied in amount and was often associated with 
collapse of the vertebrae. 
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Evidences of spinal osteo-arthrilis were occasionally observed, and 
while not a specific expression of the disease process, the osteophytes 
formed were involved occasionally b}'- Hodgkin’s granuloma (fig. 9). 
In case 4 the first roentgenograms revealed only the features of an 
osteo-arthritis with marked lipping of the vertebrae. Later roentgeno- 
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Fig. 9 (case 18 ).— Roentgenogram of the lumbar spine ^ ggconcl 

osteo-arthritis about the second, third and fourth ^as of rarefaction, 

and fourth lumbar vertebrae show increased density wi i , jjy the disease. 

The bridging process between the vertebrae may become 

grams demonstrated a bridging process center of th'-^ 

transverse processes of the lumbar verte revealed 

bony bridge an area of destruction was seen. Stdl 
marked destruction of the third and fourth um )ar \ 
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Tlic pelvis, lying in dose proxiinily to lymph nodes, frequently 
showed combined sclerotic and osteolytic features. The majority of 
lesions appeared in the wings of the ilia or about the sacro-iliac joints. 
Osteolytic areas were surrounded by areas of increased density (fig. 6). 
The acctabula were less frequently involved than was expected. 

In the long bones, such as the humerus, a destructive area appearing 
in the upper end of the bone just beneath the periosteum was common. 



Fig. 10 (case 22). — Roentgenogram showing marked destruction of the head of 
the humerus. Note the pathologic fracture and partial collapse. Below the area 
of destruction small areas of rarefaction may be seen in the shaft. The periosteum 
IS lifted by the disease process and gives an appearance somewhat similar to the 
onion-peel formation frequently seen in Ewing’s tumor. 

Infiltration was the rule, causing partial collapse of the diseased bone 
with fracture (fig. 10). The disease infiltrated beneath the periosteum, 
lifting it from the cortex. A central desti'uctive process involving the 
cortex was often seen (fig. 11). Some lesions simulated Garre’s non- 
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suppurative osteomyelitis (fig. 5). The cortex was thickened with or 
without small foci of rarefaction. A definite periosteal proliferation was 
present and blended with the cortical thickening. The earliest osseous 
change found was cither a slight increase in the density or a porosity 
of the entire bone. The earlier changes were difficult to establish as 
definite involvement of the bone. 



Fig. 11 (case 14).— Roentgenogram showing the upper end "round 

by a central destructive process. Areas of increased ensi y m 
the areas of destruction. The entire upper end of the tibia sho\ 

GROSS MATERIAL AND MICROSCOPIC 

In all cases under observation biopsies of the ^^*2 cases, 

inguinal nodes were done. Complete autopsy was per ® ^ on 

In case 1 (fig. 1) the diseased lumbar ^3 of Hodgkin’s 

cross-section showed discrete and confluen P , vertebrae. 

<.ranuloma, the process infiltrating the spongy^ bone 
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No periosteal reaction was seen. The intervertebral disks were not 
involved. In case S (figs. 2 and 3) one rib showed a lifting of the 
periosteum with proliferation of granulomatous tissue beneath it. On 
bisection, the rib showed a central destructive area with some reactive 
bone about it. Granulomatous tissue beneath the periosteum coalesced 
with the reactive bone. The marrow from the vertebrae and femur of 
the same case showed mucinous degeneration but no evidence of 
Hodgkin's granuloma. The marrow in the rib near the lesion was in 
large part replaced by the granulomatous process. In the more remote 
portions of the rib the marrow was hyperplastic. 

A histopathologic study of the lymph nodes showed changes varying 
from those of Hodgkin’s granuloma with marked fibrosis (case 1) to 
those of Hodgkin’s granuloma with sarcomatous features (case 5). 
The greater number of the cases showed a cellular granuloma with a 
moderate number of endothelial giant cells, proliferation of endothelium 
infiltration by eosinophils and some plasma cells. Varying degrees of 
fibrosis were noted. Unfortunatel}', the biopsy specimens usually were 
not taken at the time the lesions of the bone were first observed. It is 
therefore impossible to estimate the activity of the disease at the time 
the bone was involved. In case 1 invasion of the bone was noted at 
autopsy and yet could not be demonstrated in the roentgenograms. In 
this case the Hodgkin granuloma was of the fibrotic type. In case 16, 
in which histopathologic changes were of a similar type, osseous changes 
in the rib were easily demonstrated roentgenographically and proved to 
be osteolytic. 

It is evident from the duration of the disease before and after the 
changes in the bone that its activity varied in different patients. It is 
noteworthy that histopathologic studies may show varying degrees of 
activity in different tissues of the same patient. 

Of importance is the fact that where diseased lymph nodes lie in 
close approximation to the bones there is often found a direct extension 
from the nodes to the bone. This is seen especially about the sternum, 
vertebrae and pelvis. The changes in the bone, however, do not seem to 
be altered because of a different mode of involvement. 

DIFFERENTIAL DIAGNOSIS 

Hodgkin’s granuloma affecting bone may be confused with metastatic 
deposits in the bone from carcinoma, neoplastic processes such as lympho- 
sarcoma and the leukemias. Ewing’s tumor ma}'^ fie simulated during 
certain phases of the osseous invasion. Less frequently the condition 
has been confused with various forms of osteom}"elitis, including 
Garre’s osteomyelitis. In one case a lesion of the rib had many of the 
characteristics of a cyst of the bone. 
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A careful physical examination of the patient will do much to 
obviate mistaken diagnosis. 

Varying degrees of involvement of the lymph nodes, with enlarge- 
ment of the spleen, itching and secondary anemia, are characteristic of 
Hodgkin’s granuloma. A biops}’’ is made with little difficulty in the 
majorit}’’ of cases. 

Metastatic carcinoma as a rule shows central destruction of bone 
without the production of new bone. A periosteal reaction is usually 
lacking. In two types of metastases to the bone, however, an osteo- 
plastic reaction ina}' predominate, i. e., in metastases from the prostate 
and the breast. Such reactions are more apt to be confused with 
Hodgkin’s granuloma. 

Lympimsarcoma may cause similar changes in the bones. A biopsy 
is of great importance in distinguishing between the two diseases. The 
spleen is less likel}^ to be invoh'ed in lymphosarcoma, and many of the 
constitutioiJal S3unptoms of lymphogranuloma are absent. 

The leukemias are discovered by studies of the blood. A routine 
e.xamination of the blood should be made in cases in which there are 
osseous lesions. The bones may show only osteoporosis in the roent- 
genogram, or osteoplastic features may predominate, w'ith or without 
periosteal reaction. These features of osseous invasion are often seen 
in Hodgkin’s disease. 

In osteomyelitis, adenopathy and enlargement of the spleen are lack- 
ing. The leukocyte count may be of value if it is high. It is to be 
remembered, however, that in Hodgkin’s granuloma a moderate leuko- 
cytosis is frequently present and rarely there may be a marked leuko- 
cytosis. A sequestrum with a shaggy periosteal reaction characterizes 
the usual case of osteomyelitis. In atypical osteomyelitis a biopsy may 
be necessary to establish its identity. Garre’s nonsuppurative osteo 
myelitis has been simulated by Hodgkin’s disease (fig. 5). The ot er 
features of the disease should serve to distinguish it from nonsuppura 
tive osteomyelitis. 

TREATMENT 

Despite valuable adjuncts, such as heliotherapy^ a regimen such as is 
given in tuberculosis, large doses of arsenic, transfusions an w 
experimental use of various serums, filtrates or avian tubercu m, 
main reliance in the treatment of Hodgkin’s disease continues to 
irradiation, rvith either gamma or roentgen rays, preferably tie a 

in most cases. it'! bv 

Various methods of irradiation have been suggested an 
different workers. Some irradiate with single heavy doses, o 
prefer protracted fractional irradiation. Some follow a 
irradiation of nearly all the lymph node-bearing areas, 
demonstrable implication in the disease process; others ia\e 
themselves with treating on a purely symptomatic basis. 
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In general, it aiipcars that patients do not tolerate well a routine 
heavy irradiation of all the l 3 ’inph node areas, and, on the other hand, 
failure to secure satisfactory palliation in the past has often been due 
to neglect of treatment of certain areas such as those containing the 
deeper nodes. In recent years at the Memorial Hospital we have 
employed almost cxclnsively high voltage roentgen rays, either in sub- 
erythema or in fractional doses, depending on the local and general condi- 
tion of the patient, and have paid much more attention than formerly to 
the treatment of the mediastinal and retroperitoneal regions, when 
there was demonstrable or presumable involvement of those areas. No 
routine dosage is applied. Each case is individualized. The treatment 
regarded as best is that which will secure the best palliation for the 
longest time. The treatment should never be so severe as to make it 
seem harder to bear than the disease. The skin should be spared severe 
reaction. In the last two years we have found Heublein’s method of 
prolonged continuous low intensity irradiation of the entire body to be 
a valuable part of the treatment in a number of cases. 

The gross lesions of the bones may be treated to good advantage 
either by single large suberythema doses or by fractional doses of high 
voltage roentgen rays. Relief from pain is often prompt, and .reparative 
processes may be demonstrated in some cases. In the terminal stages, 
however, we do not attempt routine irradiation of all the bones, although 
it is well known that the marrow is usually diffusely involved, as in such 
cases a severe degree of anemia and sometimes leukopenia already 
exists and would onl}' be aggravated by irradiation. 

SUMMARY 

1. One hundred seventy-two patients with Hodgkin’s granuloma, 
proved histologically, have been studied. 

2. Twenty-seven patients (15.7 per cent) were found to have involve- 
ment of the bone. 

3. The bones most frequently involved were found to be those of the 
spine and pelvis. 

4. Pathologic fracture was found to be rare, but collapse of the 
vertebrae was frequent. 

5. Two types of osseous changes were noted; osteoplastic and 
osteolytic. A combination of both was seen in many cases. 

6. Two routes of osseous involvement may be assumed: (1) from 
the marrow foci of Hodgkin’s granuloma; (2) from the contiguous dis- 
eased lymph nodes from which direct infiltration into bone occurred. 

7. The intervertebral disks were rarety involved. 

8. No relationship between the structure of the lymph nodes and the 
type of osseous change could be demonstrated. 
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A CLEAN INTESTINAL ANASTO^IOSIS 

AX KXPF.RIMKXTAL STUDY 
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Fellow io McdiciHC o{ the National Research Council 

SAX IRAXCISCO 

The question of intestinal anastomosis li.'is been attacked b\’ 
miincrous workers, and a tremendous literature has accumulated. 
Among the more recent workers, Halstcd ^ published a paper in 1922 
describing his blind-end circular suture, which acted as a great stimulus 
to investigations pertaining to the technic of intestinal suture, Iii 1922 
Horinc^ stated that 217 methods had been suggested for performing 
intestinal anastomoses. Since his review, 5S additional publications 
bring the total to 275 proposals. 

Naturally there are manj' duplications, and in general the suggested 
technics or methods can be classified under two main heads : the open 
method and the closed metliod. The stimulus for much of the work 
has been to find a so-called aseptic technic. Strict asepsis, from the 
surgical point of view, probably cannot be attained consistently. 
Technics affording a minimum of soiling have been devised, but there 
are factors other than contamination governing success or failure. An 
important and obvious factor is the size of the stoma at the site of 
anastomosis immediately after the operation as well as during the 
months to follorv. The fear of temporary obstruction following the 
end-to-end anastomosis prevents its more frequent application. Much 
of the immediate obstruction is due to edema of a traumatized, inverted 
culf at the line of suture. In the following procedure a minimum 
amount of tissue is inverted without crushing and without impairment 
of circulation. 


PROCEDURE 

The course of the operation is readily followed from the diagrams, supplemented 
hy a few details as to the successive steps. The segment of bowel to be removed 
IS freed, the mesentery is divided and unshod and noncrushing, intestinal clamps 

This study was aided by a grant from 'the Fluid Research Fund of the Rocke- 
feller Foundation. 

From the Laboratory of Experimental Surgery, Department of Surgery, 
Stanford University School of Medicine. 

1. Halsted, W. S. : Blind-End Circular Suture of the Intestine, Ann Surg 
’5:356, 1922. 

2. Horine, C. F. ; Aseptic Technic for the Resection of the Intestine, Ann. 
Surg. 76:745, 1922. 
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arc placed across tlic viscus Cfm j) , 

clamps, leaving abont 0.5 ern Laid o^chf^ '' 
from slij,ping out of tlio loose Wades After 
about 2 mm. from fbc edge of each eJamn ^ 

posterior row of Jialf-mattress sutures of r 15, the first 

to the purse-siring sutures as nossibic C ^ introduced as close 

tbc same order, i.e , to begircarstL 

so that the exit of the needle from the w r^r r ‘"elude the submucosa, 

teric border than its cTIc ZI T 1 

entrance, uhde the subsequent bite in the opposite section 



j; ■ • ' ', , ' ^^Sin^^nt of the bowel with the intestinal clamps in place for the 
Diircp-cf ° ^ VISCUS with a hot cautery ; B, the divided bowel with the two linen 
beincr ' ®"fnres placed and the first posterior row of anastomosing sutures 


wilt h ^ taken in tlie reverse order, so that the exit of the needle 

Th' ^ Zt entrance proximal to the mesenteric border of the intestine, 

ff by tracing out the course of a single suture in figure 15. 

is precaution is not observed in placing the sutures, difficulties will be met in 
appriKimating the^ edges later. The ends of these sutures are tied together and 
p ace in safety-pins, which in turn are threaded onto another pin as illustrated 
in figure 2. When the sutures are secured by the safety-pins, it is impossible to 
tangle them. In introducing the first anterior row of sutures, one begins at the 
mesenteric border of the intestine and observes the same precautions in placing 
them as in the case of the posterior row. In addition, the thread bridging between 
the two segments of bowel is carried around the ends of the occluding clamps as 
shown in figure 3. 




Fig. 2. — The first posterior row of sutures in place and the introduction of 
the first anterior row of anastomosing sutures; all of the anastomosing sutures 
are secured in safety-pins. 



suture A !" and the area between the clamp and the purse-string 

The edffe'^f^ removal of the intestinal cuff beyond the clamp, 

t e clamp acts as a guide for the hot cautery. 
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^VitIl completion of llic entire first row of sutures, the operator raises the 
end of one sepnent of bowel by grasping the intestinal clamp and smooths down 
the sutures with 2 >Iiysio!ogic solution of sodium chloride, so that they will not lie 
in^ the area between the linen purse-string suture and the intestinal clamp but 
will rather umbrella down the sides of the intestine. This precaution is taken 
so as not to damage these structures in the subsequent division of the bowel The 




Fig. 4. — The approximation of the ends after removing the intestinal cu ® ^ 
pulling up the anastomosing sutures: A, all of the sutures of the first 
tied except the final ones before cutting the purse-string sutures against t le 
of the securing mosquito clamps; B, the first row is completed, an tic 
string sutures are released with the opening of the lumen of the bowe 
introduction of a second row of sutures ; C, an illustration of the comp 
tomosis, using the Halsted mattress suture in the second row of anas om 
sutures. 

cuff of bowel beyond the purse-string sutures is to be resected by 

bowel w'ith a hot cautery against the clamp and beyond the purse-s nn suture 

After placing a first knot 'in the purse-string suture, an assistant pti s 

taut at an angle of approximately 45 degrees with the intestina c am 
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to come in contact with tlic hot cautery, as the howcl is closed sinniltancously witli 
its division. The cautery is directed acro.ss the bowel against the jaws of the 
intestinal clamp, which thus determines the line of section and insures against 
damage to the sutures. The purse-string sutures arc pulled up just tight enough 
to prevent leakage from the lumen of the bowel, but not enough to interfere with 
free bleeding from the larger vessels in the visceral wall. These vessels are 
clami>ed with small Halsted clamps and lied with fine silk. Usually three bleeding 
vessels will be found; two in the proximal 'segment and one in the distal segment 
of the bowel. Without placing a second knot in the purse-string sutures, they are 
secured with small Halsted clamps as illustrated in figure 4A. 

The cauterized ends are appro.ximated, the intervening slack in the anastomosing 
sutures is taken up by pulling each suture individually, and all but two of the 
sutures are tied. Then the purse-string sutures arc cut close to the jaws of the 
securing clamps, the clamps arc removed and the remaining two anastomosing 
sutures are tied. The bowel will remain constricted until massaged or forced open 
with axial pressure, when it will open out to its normal diameter. A second row 
can be laid down, using cither a Halsted mattress suture, as shown in figure 4B, 
or a continuous Cushing stitch, as the operator chooses. 

Obviously this technic can be applied to end-to-side and side-to-side anastomoses. 
This has been done readily and without other than self-evident modifications. It 
might be worth while to mention that no leakage occurs when the bowel is dis- 
tended markedly with water after completion of the first line of sutures. 

RESULTS 

Once the entire technic was established, no deaths which could be 
attributed to the method occurred in forty-five successive operations. 
One animal died on the fifth postoperative day and showed bilateral 
pneumonia, one died on the ninth day of distemper, and another animal 
was killed b}^ other dogs on the twelfth postoperative day. None of 
these animals had peritonitis, and the line of anastomosis showed normal 
healing. A stitch abscess was found in one animal killed on the tenth 
day following a second anastomosis done on the sigmoid flexure of the 
same animal ten days after the first operation. 

Three series of twelve operations each were carried out on the 
sigmoid flexure: (1) first row, interrupted half -mattress sutures of fine 
black silk; second row, Halsted mattress sutures of fine silk; (2) first 
row, interrupted half-mattress sutures of fine black silk; second row, 
continuous sutures of fine black silk; (3) a single row of Halsted mat- 
tress sutures of fine black silk, placed after the ends of the bowel had 
been divided and closed by the purse-string sutures. In each series, 
specimens were taken immediately, six, twelve and twent 3 '-four hours 
and two, three, five, seven, ten, fifteen, twenty and twenty-five days 
following the operation, and the condition of the abdominal cavity and 
stoma of the viscus was noted. 

Whether or not the lumen of the bowel was patent was determined 
in the following manner; The gas in the bowel on one side of the 
anastomosis was milked out, and if the bowel was immediateh- refilled 
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by gas from the loop of viscera across the line of anastomosis, the 
lumen was considered patent. These conditions were fulfilled in all 
cases except three in the third series in which a single row of Halsted 
mattress sutures was placed after the ends of the bowels were closed 
witli the purse-string sutures. In this series the boirel was found to 
be occluded on the third, fifth and seventh days. Opening of the bowel 
shou’^ed the lumen to be occluded by the edematous inverted shelf. 
Naturally, it would have been possible to bring about the same conditions 
in the other two series by turning in large amounts of tissue when 
placing the second row of sutures. But, as will be indicated later, the 



Fig. 5, — Sections taken immediately following the suture (all from 
segment of bowel) : A, a cross-section with the first row of sutures p ace 
same as A, plus a second row of continuous sutures; C, same as A, plus a secon 
row, using the Halsted mattress suture. 

shelf is determined by the amount of tissue turned in with the secon 
row of sutures and is under the absolute control of the operator. 

Subsequently, in another series of experiments, nine^ end to en 
anastomoses were done on the small bowel using the technic emp o) 
in series 1 with consistently good results. _ _ 

Practically all of the publications following the 
Halsted ^ dealt with various methods of releasing the 
of the blind ends so as to remove the diaphragm. No 
were made which would lead to reduction in the amount o 
viscus or to more accurate placing of the anastomosing sutures. 
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cases except Holman’s ^ “presection” inetliocl the purse-string suture 
was tied down before the bowel was divided, or before the anastomosing 
sutures were placed. In the technic presented here, the anastomosing 
sutures are accuratclj- placed directly against the purse-string sutures 
and not more than 2 inm. from the inverted end of tlie bowel. Further- 
more, the sutures are placed while the bowel is held between clamps, so 
that corresponding portions of the bowel’s cross-section arc readily and 
accurately approximated. 

No crushing clamps arc applied to the intestine, so the opportunity 
for soiling by squeezing organisms through the visceral wall is mini- 



Fig. 6. — Two specimens removed four months after anastomosis in the sigmoid 
flexure. 

mized. The 2 mm. or less of inverted cuff has not been crushed and 
should show but slight trauma or devitalization. The operation recom- 
mended by Parker and Kerr,^ using the “basting stitch,” turns in a 
crushed and traumatized cuff of bowel, whereas, if the procedure 
described here is followed, there is no palpable thickening at the line of 
anastomosis when the lumen of the bowel is reestablished following the 
completion of the first row of sutures (fig. 5 A). Therefore a second 
vow of sutures may be applied. And it is not necessary to limit the 
sutures to the smallest possible bites. They are rather placed so as 

3. Holman, Emile: End-to-End Anastomosis of the Intestine by Presection 
Sutures, Bull. Johns Hopkins Hosp. 31:300, 1920. 

Parker, E. M., and Kerr, H. H. : Intestinal Anastomosis Without Open 
Incision by Means of Basting Stitches, Bull. Johns Hopkins Hosp. 19:132, 1908. 
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to turn in the amount of lumen which will provide the extent of 
approximation of the serosa desired by the operator (fig., 5). For all 
practical considerations the shelf at the line of anastomosis depends on 
the tissue turned in b}' the second row of sutures, and this is under 
the direct control of the surgeon. 

Obviously, this procedure can be interrupted at any stage by dividing 
the bowel, tying the purse-string sutures and performing an enterostonw. 
Also, it is noteworthy that from the time the intestinal clamps are placed 
until after completion of the entire first row of sutures the viscera need 
not be handled directl}". So long as the intestinal clamps are in place, 
the bowel can be manipulated from the handles of these instruments. 
•After the}- have been remo^’ed, the Halsted clamps on the purse-string 
sutures ma}- be used to approximate the blind ends. 

The method has the disadvantages of any technic employing inter- 
mitted sutures in that it recjuires more time than is necessary when con- 
tinuous sutures are used, but experience shows that it requires no more 
lime than any other method in which interrupted sutures are used. The 
maze of untied sutures (fig. 3) must appear hopeless at first glance, 
hut if the)’’ are handled as outlined and placed on safety-pins, no diffi- 
culties will be encountered. This method of dealing with numerous 
untied sutures should find application in other procedures in which the 
same conditions are met. 


SUMMARY 

1. A clean technic is described for closed intestinal anastomosis in 
which the trauma and soiling are reduced to a minimum and the amount 
of inverted cuff is under the direct control of the operator. 

2. A method for handling many untied sutures is suggested. 

3. A novel procedure is given for the simultaneous divjsion and 
occlusion of the bowel between the clamp and purse-string sutuie. 

4. The results of forty-five experimental operations are reviewed. 



PATHOLOGIC FRACTURES OF THE SPINE ASSOCIATED 
WITH DISORDERS OF CALCIUM METABOLISM 

BARCLAY \V. MOFFAT, M.D. 

NHW YORK 


The occasional report in the literature of pathologic fractures of the 
spine as a result of the loss of calcium associated with tumor of the 
parathyroid glands seems to have given rise to the impression that this 
is a rare and strange condition. It is my purpose to point out that 
pathologic fractures resulting from the loss of calcium from the spinal 
column are not uncommon and are, in the majority of cases, due to a 
faulty diet. In a previous article.* six cases were analyzed to determine 
the changes in the intervertebral disk associated with this condition. In 
four of these six cases the condition was due to faulty diet. I shall 
present in outline four additional cases and a description of this condi- 
tion as a definite clinical entity. 

CLINICAL OBSERVATIONS 

The typical clinical course starts with fatigue referred to the spine, 
usually with some accentuation of the anteroposterior curves. This 
condition increases in severity, and usually before the patient consults 
an orthopedic surgeon he has subjected the spine to sudden strain. This 
is followed by a sharp pain localized in its greatest intensity and usually 
accompanied by pains radiating along the spinal nerve roots, indicating 
that a fracture has taken place. In one of the cases presented, this pain 
occurred .when the patient stooped over to pick an object off the floor. 
In the most severe case, one of those included in the aforementioned 
article,* the patient sustained additional fractures from simply turning 
m bed. On examination there is tenderness throughout the affected 
portions of the spine over the spinous processes. Even when no fracture 
has occurred, the diagnosis rests on roentgenographic observations, 
which are described in later paragraphs. 

Age . — The age of the patient at the time of the onset apparently 
is not a factor in this condition. The 3 mungest patient was 18, and 
the oldest, 68 years of age. 

at the clinical conference of the orthopedic section of the Post-Graduate 
ledical School of Columbia University, April 13, 1933. 

1. Moffat, Barclay W. : Enlargement of the Intervertebral Disc Associated 
vit Decalcification of the Vertebral Body: A Compensatorv Hypertrophv, J. 
tione & Jolnt^Surg. 15:679 (July) 1933. 
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Etiology. — The etiologic factor is necessarily a condition in which 
either the normal amount of calcium is not taken from the intestinal 
tract or an abnormal nmoimt is being excreted. The skeleton is the 
storing place of calcium in the bodj", and that contained in the spinal 
column seems to be more mobile than that stored in other bones. That 
this is the case appears likely when one considers the cancellous struc- 
ture of the vertebral body and its rich supply of blood. In only one 
instance did roentgen examination show the rest of the skeleton to be 
deficient in calcium. 

Considering the first of the two causes : There may be either an 
insufficient calcium content in the food or a local condition in the 
intestinal tract interfering with the passage of calcium through the 
intestinal wall. In regard to the quantity of calcium in the food, it 
should be pointed out that this nation as a whole subsists on the absolute 
minimum intake of calcium compatible with health. It is not surprising, 
therefore, that the diet drops below this minimum in a great number of 
persons. The second factor concerning the intake of calcium includes 
an alkaline condition in the intestinal tract causing the formation of 
insoluble salts and the presence of fatty acids which bring about the 
saponification of calcium with consequent excretion of these insoluble 
materials. A lack of vitamin D also inhibits passage of calcium into 
the circulation. 

In by far the greater proportion of cases the fault lies in the intake 
of calcium. In cases of abnormal excretion of calcium, the endocrine 
glands are most often at fault. The parathyroid glands regulate the 
output of calcium, that is, hyperactirdty of a parathyroid gland results 
in an outpouring of calcium from the skeleton by wa}’" of the alimentary 
and urinary tracts. Though the fact is not yet generally recognized, 
the pituitary gland is also concerned with the metabolism of calcium. 
A tumor of either the pituitarj^ or a parathyroid gland, therefore, ma) 
result in the condition which I describe. 

RoenigenograpJiic Observations. — The roentgenographic obserja 
tions are characteristic. In the earlier cases it is not always possi e 
to demonstrate the presence of osteoporosis, inasmuch as the 
the spinal shadow in the x-ray’’ picture may’ vary with the i erwg 
thicknesses of the patient’s body and with the technic of the roentj,cn 
ologist. The earliest constant sign is a change in the shape o tie 
vertebral disk, which takes on a more pronounced biconcave ‘ 
at times becomes completely spherical. This is due to b} pertrop 13 , < 

shown in the article to which I have referred.' 

The rapidity of the onset may’ also be judged by the prescnc 
absence of condensation of bone at the upper and lower margins 
vertebral body. When the condition is slowly progressne, 
line wdll be apparent, indicating that the body has had time o s 
its wall against the pressure of the hypertrophied dis '. 



MOFFAT— FRACTURES OF SPINE 


1097 


is similar to that which occurs in smaller areas of the margins of the 
body in the case of extravasation of the contents of the nucleus pul- 
posus, in which the same line of condensed bone is found at the bottom 
of an iirdentation, marking the site of the break in the envelop of the 
nucleus. 

Fractures, when they occur, are compression fractures, and it is 
characteristic that they are not accompanied by extravasation of the 
contents of the disk with a consequent lessening of its height, as are 



Fig. 1. — Roentgenogram of the spine in a case of loss of calcium; an early 
stage of the process is shown. 

fractures occurring in normal vertebral bodies in which the trauma is 
necessarily greater. 

REPORT OF CASES 

Case 1.— R. R., a woman, aged 27, complained of fatigue in the back without 
cause in March, 1932. This became worse. In February, 1933, she experienced a 
sudden sharp pain in the lower dorsal region while performing an exercise which 
consisted of touching the floor with her legs which were extended above her head 
while she was l.ving in the supine position. The pain radiated about the trunk fol- 
lowing the course of the spinal nerve roots. A roentgenogram (fig, 1) was taken 
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on^ Marcli 18, 1933, and shows osteoporosis of the bodies, slight increase in the 
hciglit of the intervertebral disks and condensation of bone at the upper and lower 
margins of the bodies. There is a compression fracture of the tenth dorsal vertebra 
with slight angulation of the spine at this portion. The condition is in an early 
stage and of slow onset. 

Case 2. — L. L., a woman, aged 68, complained of fatigue in the back over a 
period of years previous to my seeing her, which she ascribed to age and for 
which she did not seek treatment until, in stooping to pick an article from the 
floor, she e.xperienced a snapping sensation in the back accompanied by severe pain 



Fig. 2. — Roentgenogram of the spine in a case of loss of calcium in wh’ 
changes are more advanced. 


and collapse. The roentgenogram (fig. 2) shows the same con ' 
previous case but in a more advanced state. The biconcave app parked, 
disks, the osteoporosis and the condensation of the vertebrae. 

There is a compression fracture of the twelfth dorsal and rs dietao’ 

Determination of the Calchim Balance . — The calcium . of calcium 

deficiency. The daily diet supplied 0.558 Gm of f ^rinc, 645 cc.), 

excreted in the urine were as follows: July 18 (vo r„oiume, 600 cc.). 
0.227 Gm. ; July 20 (volume, 785 cc.), 0.283 Gm.; Ju > 

0.190 Gm. 
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From July 18 to July 20 the feces (moist weight, 150 Gm. ; dry, 24.6 Gm.) 
contained 0.542 Gm. of calcium. The total intake of calcium for July 18 and 19 
was 1.116 Gm.; the total amount excreted was 1.010 Gm. ; the gain in calcium 
was 0.106 Gm. 

On July 21, the feces (moist, 395 Gm.; dry, 42 Gm.) contained 0.427 Gm. of 
calcium. The total intake of calcium was 0.558 Gm.; the total amount excreted 
was 0.661 Gm. ; the loss in calcium was 0.103 Gm. 

On July 22, the feces (moist, 380 Gm.; dry, 27 Gm.) contained 0.589 Gm. of 
calcium. The total intake of calcium was 0.558 Gm. ; the total amount excreted 
was 0.823 Gm. ; tlie loss in calcium was 0.265 Gm. 



Fig. 3. — Roentgenogram of the spine showing a compression fracture of the 
twelfth dorsal vertebra. 


On July 23, the feces (moist, 445 Gm.; drj', 26 Gm.) contained 0.154 Gm. of 
calcium. The total intake of calcium was 0.558 Gm. ; the total amount excreted 
was 0.344 Gm. ; the gain in calcium was 0.214 Gm. 

On July 20, the blood calcium was 11.4 Gm. and the blood phosphorus 3 mg. 
per hundred cubic centimeters. 

Case 3. — H. IV., a woman, aged 59, complained of fatigue in the back over 
a period of four years, with marked increase in local pain following a fall. A 
roentgenogram (fig. 3) taken in March, 1932, shows the same condition as in the 
previous cases with compression fracture of the twelfth dorsal vertebra. 
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perS'oftvc^al^;’,ont!r"’ThPr®"'l ^^^'Sue in the back over a 

to ]ift a palicHl out of bed The following an attempt 

as in tlm prcviou c^cs witi, 

vertebrae. comprcss.on fracture of the ninth and twelfth dorsal 

Su.-^drr^Sghrp^^^^^^ ‘I’" Gm. ; 'moisture' 73 p°e‘r 

S , . Gni., calcium, as Ca, 0.160 Gm.; phosphorus, as P, 0.061 Gni. 



Fig. 4. Roentgenogram of the spine showing compression fractures of the 
ninth and twelfth dorsal vertebrae. 


The report on the urine was : volume, 1,200 cc. ; calcium, as Ca, 0.028 Gm. ; 
phosphorus, as P, 0.105 Gm. The intake of calcium in the diet was 0.535 Gm. , 
that of phosphorus, 0.943 Gm. The gain in calcium was 0.347 Gm. ; in phosphorus, 
0.777 Gm. 

On July 30, the report on the feces was that there had been none. That on 
the urine was as follows : volume, 1,480 cc. ; calcium, as Ca, 0.028 Gm. ; phosphorus, 
as P, 0.878 Gm. The intake of calcium in the diet was 0.556 Gm. ; that of phos 
phorus, 1.235 Gm. The gain in calcium was 0.528 Gm. ; in phosphorus, 0.3a7 Gm. 

On July 31, the report on the feces was: total weight, 1,100 Gm. ; moisture, 
94.3 per cent ; dry weight, 62.7 Gm. ; calcium, as Ca. 0.546 Gm. ; phosphorus, as 
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P, 1.826 Gm. The report on the urine was; volume, 700 cc. ; calcium, as Ca, 
0.065 Gm. ; phosphorus, as P, 0.372 Gm. The intake of calcium in the diet was 
0.554 Gm.-, that of phosphorus, 1.230 Gm. The loss in calcium was 0.057 Gm. ; 
in phosphorus, 0.968 Gm. 

On August 1, the report on the feces was : total weight, 40 Gm. ; moisture, 
76 per cent; dry weight, 9.6 Gm, ; calcium, as Ca, 0.150 Gm. ; phosphorus, as P, 
0.077 Gm. The report on the urine was; volume, 1,400 cc. ; calcium, as Ca, 0.051 
Gm. ; phosphorus, as P, 0.826 Gm. The intake of calcium in the diet was 0.550 
Gm. ; that of phosphorus, 1.215 Gm. The gain in calcium was 0.349 Gm. ; in 
phosphorus, 0.312 Gm. 

TREATMENT 

The first requisite is, of course, the determination of the causes in 
the particular case. Evidences of pituitary disorder should be searched 
for, and the sugar tolerance test should be carried out. Parathyroid 
disorder may sometimes be diagnosed onl}’- by elimination of other 
possible factors, though in some cases a palpable tumor of one of these 
glands is present. The calcium and phosphorous balances should be 
worked out to eliminate the alimentary factor. In the case of tumor 
of a parathyroid gland, the treatment is necessarily removal of the gland. 
In the case of alimentary deficiency the patient should be given calcium 
gluconate and increasing doses of viosterol. The back should be sup- 
ported with a brace rather than with a plaster cast, and the patient 
should be kept out of bed. The reason for these measures is, of course, 
to prevent further loss of calcium from disuse. 

CONCLUSIONS 

1. Loss of calcium from the spinal column presents a definite clinical 
picture. 

2. This condition may be diagnosed and a prognosis given by definite 
roentgenographic signs in the early stages, when the process may be 
easily checked. 

3. Pathologic fractures commonly result in the later stages. 

4. In the majority of cases the diet is at fault, and only rarely is 
the faulty metabolism of calcium due to tumor of the pituitary or para- 
thyroid glands. 

333 East Forty-Third Street. 
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In general, the experimental studies on the causes of death in acute 
intestinal obstruction have resulted in a tangle of conflicting opinions. 
The work of Haden and Orr ^ on the significance of chemical changes in 
the blood threw a new light on the problem, and this led to a series 
of investigations" which in part offer an explanation for the lack o 
agreement in previous experimental work. It is now generally concede 
that the issue is clarified by a recognition of two fundamental types o 
intestinal obstruction: (1) simple obstruction and (2) strangulation. 
In simple intestinal obstruction in ivhich there is no interference wi i 
the circulation of the intestinal wall, the chief cause of deati is tie 
metabolic disturbance resulting from the loss of fluids and electro ytes. 
Obstruction, howei'er, is practically always complicated by damage 
the intestine from overdistention or strangulation. Although t e impor 
tance of dehydration and alkalosis must alwa)'S be considered, t lere are 
other factors even more important. Frequently gangrene of the owj^ 
and peritonitis are grossly apparent causes of death. In many cases o 
obstruction, however, the death seems inexplainable, except on tie a^ 
of some undetermined factor which is assumed to be a specific toxe ^ 
The toxic substances which may be demonstrated in the contrats o 
an obstructed bowel have been studied repeatedly. Much^ sit,m ^ 
has been attached to the symptoms produced by injecting into ani 
the contents of obstructed intestinal loops. It has been assume 


From the Research Division, Indiana University Sdiool of Aledic" 

Lily Research Fellowship. , Pog 

1. Haden, R. L., and Orr, T. G. : Chemical Changes Effect of 

After Intestinal Obstruction, J. E.xper. Med. 37:365 ^ "I ’ pyioric 

Sodium Chloride on the Chemical Changes in the Blood of th g • 

and Intestinal Obstruction, ibid. 38 :5S (July) 1923. Tn,p=tinal Obstruc- 

2. Gatch, W. D.; Trusler, H. M., and Ayres, K. D.: 
tion Alechanism and Significance of Hypochloremia an 
Changes, Am. J. AL Sc. 173:649 (Alay) 1927. 
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tliese experiments constitute evidence concerning toxemia in intestinal 
obstruction; it has been assumed that the normal intestinal contents is 
for the most part innocuous,^ and that a specific toxin is formed pri- 
marily as the result of obstruction. Here again, however, results and 
conclusions are controversial. We are reporting a series of investiga- 
tions on this subject. 

In this article it is our ])urpose to present the results of numerous 
tests on the toxicity of the contents of normal as well as obstructed 
intestine. We have collected the material from human subjects as well 
as from experimental animals. Many experiments of this type have 
been reported previously by other workers using various methods of 
investigation. Cooper ■* gave a complete bibliography of this work and 
elaborated on the extreme diversity of opinion concerning the toxicity 
of intestinal contents. It is obvious that results will vary according 
to the manner of preparing and testing such material, and this explains 
much of the controversy. 


METHOD OF TESTING 

This report includes only the results obtained by testing the material 
either in its crude state or modified by such simple procedures as centri- 
fugation, filtering or autoclaving in preparation for intravenous injection. 
The criteria of toxicity we used are likewise simple. The tests include : 
(1) intravenous and intraperitoneal injection of the various preparations 
into dogs, rabbits and mice with observation as to death or toxic symp- 
toms in the animals, and (2) kymographic record of the effects produced 
on the blood pressure by such injections into dogs under ether anesthesia. 

The second method of stud}' was particularly valuable in making 
comparative examinations of numerous samples. It also gave us infor- 
mation concerning the toxicity of many preparations difficult to evaluate 
by gross observation following their injection into normal animals. The 
dosage of the injection for dogs and rabbits varied from 1 cc. for each 
5 Kg. to 5 cc. per kilogram of body weight. The small injections of 
0.2 cc. per kilogram were extremely valuable in kymographic studies 
comparing the effects of various samples of material in the same animal. 
We found that in this dose preparations possessing any significant tox- 
icity caused a sharp fall in blood pressure with a prompt return to 
normal. The injection was made at a uniformly rapid rate (approxi- 
mately 0.5 cc. .per second). With an extremely slow injection the 
response was less definite. 

By such observations we can expect to demonstrate only the presence 
or absence of toxic substances. A study as to the possibilities of their 

3. Ellis, J. W. : Cause of Death in High Intestinal Obstruction Ann Surg 
75 ;429 (April) 1922. 

4. Cooper, H. S. F. : The Cause of Death in High Obstruction Arch Surg 
17 ;91S (Dec.) 1928. 
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absorption througli tlie intestinal wall is being published separately. 
Further information obtained b}-- chemical analysis also follows as a 
subsequent publication. As a basis for the discussion which follows we 
have made hundreds of tests. It is our aim to present sufficient data 
to demonstrate the facts. To display the entire investigation in detail 
is futile and unnecessaiy. 

TOXICITY OF NORMAL INTESTINAL CONTENT 

The normal contents of the bowel in dogs and in human subjects 
is always toxic when injected intravenously into animals. We wish to 
emphasize this fact because previous reports on the subject have seemed 
to conflict and have caused confusion. Davis and Stone ® and also Drag- 
stedt and his co-workers ® reported the normal secretion of the intestinal 
mucosa to be innocuous when so collected as to be free from other 
substances. We confirmed this observation and have no reason to doubt 
it. The normal contents of the bowel, however, is an entirely different 
material and, even in the absence of food, will include ga.stric juice, 
bile and pancreatic juice in addition to the normal secretion of the 
intestinal mucosa. Nevertheless, the terms have been confused, and 
there is a widespread impression that the normal intestinal contents has 
little or no toxicity and becomes toxic directly only as the result of 
obstruction. This conception is a fallacy. It is true that marked changes 
occur ill the intestinal contents as the result of obstruction, and these 
will be discussed later. In regard to the demonstration of toxic sub- 
stances, however, our tests consistently' showed the normal intestinal 
contents to be even more toxic than material removed from an obstructed 
bowel. We tested numerous samples of material collected f''p|'u boti 
small and large intestines of normal dogs under various conditions o 
feeding or fasting, filtrates from human feces, material prompt y 
removed from the human small intestine at autopsy and drainage materia 
from enterostomy in man. Though obviously' there must be consi er 
able A'ariation in the constituents of such material, practically al t le 
samples showed toxic properties causing depression in the blood pressure. 
To rule out the known toxic effect of intravenously' injecting a^e 
numbers of bacteria or gross particulate matter we used Berke e 
trates (diluting the original sample with saline solution when necessary ^ 
Also for comparison we studied the original liquid samples as nearly 
unchanged as possible, merely' centrifugating and injecting t le sup 
natant fluid through a needle of 22 gage or less. 

5. Davis' D. M., and Stone, H. B. : Studies on the Development of Toxicitj 

in Intestinal Secretion, J. Exper. Med. 26 :687 (Nov.) 19]/.^ Vntnre of the 

6. Dragstedt, L. R. ; lifoorhead, J. J.. and Burckv, F. w.: ' j3lol. & 

Toxemia of Intestinal Obstruction, Preliminary Report, Proc. boc. 

Med. 14:17 (Oct.) 1916. 



Fig. 1. — KjTtiograph series lA, showing the toxicitj- of the normal contents of the small intes- 
tine of dogs on intravenous injection into a dog anesthetized with ether. The upper tracing shows 
the respirations ; the lower, the blood pressure. The spaces between arrows indicate five minute 
periods, A was obtained following the injection of centrifugated supernatant fluid; B, following the 
injection of a Bcrkcfcld filtrate; C, following the injection of autoclaved centrifugated supernatant 
fluid. 
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Tables 1 and 2 outline the results of such a series of tests. The 
toxic symptoms mentioned in all the tables are typically as follows: 
If the animal is a dog, the toxic injection is promptly followed by 
dyspnea, salivation, vomiting, defecation or tenesmus, micturition, mus- 
cular tremor and prostration. Following this severe reaction the animal 

Table 1. — Toxicity of Normal Contents of Small and Large Bowel in Dogs* 


Test 

.tlnimal 

Dog 4S5 

Dog4Sl 
Dog 497 

Dog 496 
Dog 4SS 

Dog 4S4 
Dog 575 

Dog 571 
Dog 573 
Dog 648 

Dog 642 
Dog 644 
Rabbit 28 

Rabbit 29 
Rabbit 70 

Rabbit 71 
Rabbit 23 

Rabbit 24 


Jfatcrial Injected 

Sample 1; contents of small intestine of 
normal dog; centrifugated supernatant 
fluid 

Berkcfeld filtrate of sample 1 

Sample 2; contents of small intestine of 
normal dog; centrifugated supernatant 
fluid 

Berkefeld filtrate of sample 2 

Sample 3; contents of small intestine of 
normal dog; contrifugated supernatant 
fluid 

Berkefeld filtrate of sample 3 

Sample 4; contents of small intestine of 
normal dog; centrifugated supernatant 
fluid 

Berkefeld fi/trate of sample 4 

Sample 4, autoclaved and centrifugated.... 

Sample 5; contents of large bowel of nor- 
mal dog; material suspended in equal 
part of saline solution; centrifugated 
supernatant fluid 

Berkefeld filtrate of sample 5 

Sample 5, autoclaved and centrifugated.... 

Sample 6; contents of small intestine of 
normal dog; centrifugated supernatant 
fluid 

Berkefeld filtrate of sample 6 

Sample 7; contents of small intestine of 
normal dog; centrifugated supernatant 
fluid 

Berkefeld filtrate of sample 7 

Sample 8; contents of large bowel of nor- 
mal dog; material suspended in equal 
part of saline solution; centrifugated 
supernatant fluid 

Berkefeld filtrate of sample 8 


Intravenous 

Dosef Result 


3cc. 

Severe toxic symptoms; 
died in 20 hours 

3 ce. 

Mild toxic symptom; 
recovered 

o cc. 

Severe toxic symptoms; 
died in 7 hours 

3 cc. 

Toxic symptoms; died 
in 48 hours 

0 cc. 

Violent toxic symp- 
toms; died in 30 min. 

3 cc. 

Toxic symptoms; 
recovered 

3 cc. 

Violent toxic symp- 
toms; died in 2 hours 

0 cc. 

Died In 2 hours 

3 cc. 

Died in 10 hours 

5 cc. 

Mild toxic symptoms: 
recovered 


3 cc. 
3 cc. 
5 cc. 

5 cc. 
5cc. 

5cc. 
0 cc. 


Mild symptoms; 
recovered 

Mild symptoms; lived 
10 days 

Convulsions; immediate 
death 


Died in IS hours 
Convulsions; immcaiatc 
death 


Convulsions; immediate 
death . 
Convulsions; immediate 
death 


5 cc. Recovered 


* The term “normal” is used merely to indicate the absence of obstru t 
conditions of feeding. 

i Per kilogram of body weight. 


usually dies in a few hours. If, however, the I'eaction is less drastic, a 
is often the case even with large doses, the dog frequently 
completely. Rabbits behave in an entirely different manner. ^ ^ 

injection is extremel}^ toxic, the rabbit prompt!}' dies in contusi 
If death does not occur thus, the animal merely becomes prostrate 
dies or recovers after a variable number of hours. Thoug i ra 
easily killed by injections containing particulate matter, tlic} ma} 
in proportion to their weight even larger doses of Ber 'e e 
than dogs do. The same is true of mice receiving t 

tions (doses of 1 and 2 cc.). These small animals would at first 




Fig. 2. — Kymograph series IB, showing the results of tests on the normal con- 
tent of the large intestine of dogs. The samples were suspended in equal parts of 
saline solution, and intravenous injections made into a dog anesthetized with ether. 
The spaces between the arrows indicate five minute periods. A was obtained fol- 
lowing the injection of the normal contents of the large intestine of dogs. B shows 
the variation in toxicity of material from the large intestine of a dog as compared 
with the material from the small intestine of the same animal. All doses were 
1 cc. for each 5 Kg. of body weight. The material injected was as follows: 1. 
Supernatant fluid, contents of large intestine, dog A ; sample suspended in equal 
part of saline solution. 2. Supernatant fluid, undiluted contents of small intestine, 
dog A. 3. Sample from large bowel, dog B. 4. Sample from small bowel, dog B. 
5. Sample from large bowel, dog C. 6. Sample from small bowel, dog C. 
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seem to be of value in detecting small amounts of these toxins. The 
few we have used have been so resistant as to offer little aid in this 
study. In general, we have not found intraperitoneal injection a satis- 
factory test. Though absorption by that route may often be sufficient 
to produce toxic symptoms or death in dogs, results are easily complicated 
by peritonitis when any of the more crude preparations are injected. 

Of all the tests, the kymograi^hic studies have been of greatest value. 
One might raise the objection that toxins could be present and yet 

Table 2. — Toxicity of Human Intestinal Contents in the Absence of Obstruction* 


Test Intravenous 

Animal Material Injected Doset Sesuit 


Dog STI Sample 1; contents of human small intes- Sec. 

tine removed soon after death from 
apoplc.vy; centrifugated supernatant fluid 
Dog 576 Bcrkefeld filtrate of sample 1 3 cc. 


Dog 572 Autoclaved and centrifugated portion of Sec. 

sample 1 

Rabbit lO Sample 2; contents of human small intes- 5 cc. 

tine removed soon after death from pneu- 
mococcic peritonitis; centrifugated super- 
natant fluid 

Rabbits BerJcefoId filtrate of sample 2 5cc. 

Rabbit 11 Autoclaved and centrifugated portion of 5 cc. 

sample 2 

Dog C41 Sample 3; human feces suspended in equal 5 cc. 

parts of saline solution; centrifugated 
supernatant fluid 

Dog 640 BerJcefeld filtrate of sample 3 3 ce. 


Dog 043 
Dog 293 

Dog 344 
Dog 296 
Babbit 83 
Babbit 63 
Babbit 78 


Autoclaved and contrifugated portion of S cc. 
sample 3 

Drainage from enterostomy of upper jeju- 3 cc. 
num, case l; centrifugated supernatant 
fluid 

Enterostomy drainage, case 1; Berlcefeld ^ ee. 

filtrate ^ 

Enterostomy drainage, case 1; autoclaved acc. 

and centrifugated supernatant fluid 
Enterostomy drainage, ease 1; centrifu- 5 cc. 

gated supernatant fluid 

Enterostomy drainage, case I; Bcrkefeld 5cc. 

filtrate 

Enterostomy drainage, case 1; autoclaved jcc. 

and centrifugated supernatant fluid 


Violent toxic symp- 
toms; died in 
30 minutes 
To.xic symptoms; 

recovered 
Toxic symptoms; 
recovered 

Convulsions; died at 
once 


Died in 16 hours 
Died in 16 hours 

Toxic symptoms; died 
in 7 hours 


Wild toxic symptoms; 
recovered 

Mild toxic symptoms: 
recovered 

Severe toxic symptoms 
died in 24 hours 


Died in 2 days 
Recovered 


Died in 3 days 
Lived 4 ireets 
Lived 3 weeks 


*TSamp]es obtained from fresh autopsy material, suspension of feces in s 
enterostomy drainage. 

t Per kilogram of body weight. 


not be detectable on the kymographic tracing. However, repeate coi 
parisons have demonstrated that any sample of intestinal materia 
of producing toxic symptoms tends proportionately to exert a surp 
ingl}^ characteristic depressant action on the blood pressure. 

Berkefeld filtrates of the normal intestinal contents are nine i 
toxic than the centrifugated supernatant fluid. Autoclaved 
are similarly reduced in toxicity. Kymographic studies, 
all these preparations to possess, even in small doses, a -"e 

transient depressing action on the blood pressure. The ar^ ” mpletc 
an effect which is more prolonged and may or may not per 
return to normal. 



Fig. 3. — Kymograph series II, showing the results of tests on the normal con- 
tents of human intestine. Intravenous injections were given dogs under ether 
anesthesia. The upper tracings show the respirations ; the lower, the blood pres- 
sure. The spaces between arrows indicate five minute periods. A was obtained 
following the injection of a Berkefeld filtrate of the normal contents of the small 
intestine (fresh autopsy specimen) ; B, following the injection of human feces sus- 
pended in saline solution (equal parts). C shows the toxicity of drainage material 
from a high enterostomy performed for relief of obstruction in a human subject. 
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Filtered suspensions of human feces and similar preparations of 
material from the large bowel of dogs are less toxic than material taken 
from the small intestine. At first thought this might be explained by 
the dilution necessary in making the liquid suspension of samples from 
the large bowel. One must admit, however, that the sample from the 
large bowel is a dehydrated residue of material formerly in liquid form 
in the small intestine. 

Before discussing what possible significance these elementary facts 
may have in the study of intestinal obstruction, let us consider the sources 
of this toxic property. Products of protein degradation, bacterial toxins, 
bile or other digestive juices and all the heterogeneous products of 
digestion could be considered. Many' of these and numerous other sub- 
stances intravenously injected may cause a drop in the blood pressure 
and other symptoms similar to the reaction we have described. Further 
consideration of all these possibilities is unnecessary, however. The 
experiment outlined in table 3 demonstrates a salient fact. 


TOXICITY OF THE PANCREATIC SECRETION 


The pancreatic secretion as obtained from an isolated duodenal loop 
fistula is violently toxic when injected intravenously. The following 
experiment, one of several similarly' performed, has enabled us to collect 
samples of material free from food, bile, gastric secretion and all other 
substances except pancreatic juice plus the secretions of the duodenal 
mucosa. This material is highly toxic when collected and tested fresh. 
Its toxicity is not materially' altered by' stagnation in the loop. Neither 
does it change appreciably' on long standing in the refrigerator. The 
pancreatic juice alone as drained fresh from a cannula placed in the 
pancreatic duct likewise demonstrates a depressant action on the blood 
pressure. Though we have not completed our studies on this point, we 
have found thus far that the secretion so obtained is less toxic than 
the combined secretion of the pancreas and duodenum. In fact, samples 
collected from isolated duodenal loop fistulas possess toxicity equal to 
or greater than that of anyr material we have tested. Because of this 
observation we are impressed that any consideration of toxicity due to 
other products of digestion or bacterial putrefaction is of minor impor^ 
tance as concerns the study' of normal intestinal contents. In the stu > 
of contents from obstructed bowel we must consider the various factors 
which modify the normal. 


Protocol (Dog 264 ). — ^Food was withheld from a dog for forty-eigit 
Laparotomy was performed under ether anesthesia; the pylorus was scclione 
ligated and the stump inverted. The common bile duct was ligated an 
bladder drained to the outside. The ligament of Treitz was^ di\i c su 
to permit a high gastrojejunostomy. The duodenum was sectione j„o(lcna1 

to the gastrojejunostomy, and both stumps were inverted, the proxim 
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sUiiiip enclosing a short ruhher lnl)c whicli was lironglit through tlic abdominal 
wall. This tube draini'd freely the combined pancreaticoduodenal secretion. Tests 
on this material freshly collected were highly to.\ic as shown in kymograpic 
record 111 (fig. 4). .Additional toxicity tests arc shown in table 3. The animal 




4. — Kymograph series III, showing the toxicity of drainage material from 
an isolated duodenal loop. Intravenous injections were given to a dog under ether 
anesthesia. The spaces between the arrows represent five minute periods. A was 
obtained following the injection of bile-free drainage material from a loop so con- 
structed as to contain pancreatic juice and duodenal secretion only ; B, following 
the injection of drainage material from a duodenal loop receiving both bile and 
pancreatic juice. 


appeared to be in good condition for three days during which time the drainage 
was collected into small rubber balloons for periods of several hours. This enabled 
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us to collect more tliaii 200 cc. of secretion witl)out overdistending the loop. At 
tlic end of four days the dog died. The loop was discolored but not perforated. 
There was no peritonitis or other grossly discernible cause of death. The to.xicity 
of the stagnant contents was approximately the same as that of fresh specimens. 


Taiu.k 3. — Toxicity of Drained Pancreaticoduodenal Secretion 


Test 

Animal 

Material Injected 



Intravenous 

Dose* 

Result 

Dog G3C 

Drainage from duodenal 
supernatant fluid 

loop, 

dog 

024; 

,3 cc. 

Died in 12 hours 

Dog G3a 

Drainage from duodenal 
Berkefeld filtrate 

loop. 

dog 

024; 

cc. 

Died in 12 hours 

Rabbit ‘15 

Drainage from duodenal 
supernatant fluid 

loop. 

dog 

024; 

J cc. 

Died In 12 hours 

Rabbit 43 

Draxiage from duodenal 
Berkefeld filtrate 

loop. 

dog 

G24; 

5 cc. 

Recovered 


* Per kilogrnm of body wcleht. 


TOXICITY OF OBSTRUCTED INTESTINAL CONTENT 


Obstruction of any part of the small intestine produces at once a 
rapid accumulation of secretions which seems to be increased ovet the 
normal. Since reabsorption of fluid is never a major function of the 
small intestine, there ensues at once a metabolic disturbance due to loss 
of fluids, chlorides and other electrolytes, a phase of the problem 
is now thoroughly appreciated and need not be discussed heie. ic 
present study concerns the effect of obstruction on the toxicity o tic 
intestinal contents." 

The material within the lumen of the obstructed intestine usua y 
becomes brownish red or tarry, owing to decomposition of extravasa c 
blood. It is foul-smelling and generally bad in gross appearance ( |c 
changes are due chiefly to bacterial putrefaction). The j 

toxicity of such material, however, is extremely variable. The vaua ) O 
is much greater than that noted in testing the normal contents. 
ing variations in toxicity observed under different conditions o o s 

tion, our experiments have demonstrated the following fact. 

The contents of the obstructed bowel or of the isolated o 
loop is less toxic than normal intestinal contents unless t ic 
segment receives and retains in concentrated form pancreatic 
secretion, in which case its toxicity may equal or excee . 

Many previous investigators have recognized the fact t la c 
obstruction is more rapidlj'^ fatal than a low one. We a so 
contents of duodenal loops more toxic than that of ot ler 


7. Maury, J. W. D. : Death in Acute Intestinal Obstruction I„tcstinnl 

ditions is Due to Physiologic Disturbance; I. Has the ‘ P.: 

Secretion? J. A. M. A. 54:5 (Jan. 1) 1910. S,) 1915: 

Intestinal Obstruction in the Rabbit, J. Exper. Med. 

18:25 (July) 1913. 


ibid. 
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and look on the pancreatic secretion as a probalde explanation. The 
data which we outlined in the foregoing cx])eriinent and which we have 
verified repeatedly are further substantiated by experiments with isolated 
obstructed loops. 

This method of study has long been employed in the investigation 
of intestinal obstruction. In this procedure, isolated obstructed loops of 
intestine are made by sectioning the bowel in two places, turning in the 
ends of the section thus isolated and restoring the continuity of the 
gastro-intestinal tract by anastomosis. The statement has been made 
that animals which have undergone such sectioning present the picture 
of an intestinal obstruction at the level of the isolated segment.' This is 
true only in part. In many instances an animal with an isolated loop 
of ileum will remain essentially normal for many weeks, dying only 
when the loop becomes gangrenous or perforated, causing generalized 
peritonitis. It is astonishing to note the size such a loop may attain 
and the quantity of foul material that may be contained within it. 
Tet the loop may remain normal except for the hypertrophy. In such 
a case the animal remains normal and recovers promptly if the loop is 
removed. These statements do not apply to duodenal loops. These 
loops rapidly become discolored and strangulated. Seldom, if ever, 
does an animal survive the sectioning of a duodenal loop more than 
sixty hours. 

These sudden changes may be explained in part by the overdistention 
caused by the copious secretion which pours into such a loop chiefly 
from the pancreas. As indicated by previous experiments,® necrosis or 
gangrene of an intestinal loop may develop as a direct result of over- 
distention. However, the extremely rapid necrosis in these duodenal 
loops suggests the intensification of this process by another factor, 
namely, the autodigestion of the devitalized tissue by activated pancreatic 
juice. The gross and microscopic indications of acute hemorrhagic 
pancreatitis which we haA^e observed furnish additional evidence that 
this process may be an important factor in the early death which occurs 
under these conditions. As shown in the protocol of dog 624, hoAvever, 
an animal Avith a pancreaticoduodenal loop dies even if the loop is 
drained, an observation pointing to the importance of metabolic dis- 
turbances as a factor in death from high obstruction." 

8. Gatch, W. D. ; Trusler, H. M., and Ayers, K. D. : Effects of Gaseous Dis- 
tention on Obstructed BoavcI ; Incarceration of Intestine by Gas Traps, Arch. 
Surg. 14:1215 (June) 1927. 

9. Elman, R,, and Hartman, A. F. ; Experimental Obstruction of the Terminal 
Duodenum and Ileum ; The Importance of Blood Chemical Changes in Causing 
Death, Surg., Gynec. & Obst. 53:307 (Sept.) 1931. Wangensteen, O. H., and 
Chunn, S. S.; Studies in Intestinal Obstruction: III. Simple Obstruction: A 
Study of the Cause of Death in Mechanical Obstruction of the Upper Part of the 
Intestine, Arch. Surg. 16 :1242 (June) 1928. 
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Fig. 5.— Kymograph series IV, showing the effects o le 
intestine as compared with normal contents. Intravenous mjc ^ Bcrkcfeld 

a dog under ether anesthesia. A shows the results of t le j for each 

filtrate of the following material : 1. Normal contents, og^ ^ ^ Contents 

5 Kg. 2. contents of obstructed loop, dog 473, 1 cc. ^ Contents from 

from above site of obstruction, dog 473, 1 cc. for each ^.^ments, dog 

above site of obstruction, dog 475, 1 cc. for each 5 Kg- ■ J- ‘ ^ each 

475, 1 cc. for each 5 Kg. 6. Contents of obstructed ^ intestine as com- 

5 Kg. B shows slight toxicity of the contents of the o employee- 

pared with the normal contents in dog 475. A Berkefe 
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As previously indicated, this sttuly iitusl he iiiuitcd cliiclly to a 
consideration of dcnmnstrahle toxicity in the contents removed, ^^’c 
studied, in all. sixty-eight isoiate<l ohstructed lottps made at various 
levels of the howcl. In all the cases, with the exception of duodenal 
loops, we found Bcrkefeld filtrates of this material to he less toxic 
than similar prejiarations of normal intestinal contents. As compared 
to the normal contents, the filtrates of most samples from loops have no 
marked properties in lowering the hlood pressure. Xeithcr do they 
so commonly kill when injected intravenously into dogs and rabbits. 
Even the supernatant fluids which naturally contain large numbers of 
bacteria do not consistently kill on intr.aveiious injection. Similar 


Taiii.e 4. — lo.vicity nj Cnutciils of Ohstnicicd Iiilt'sihh' as Comt^ared 'icith the 
Xnriiinl [aloslttwl Contriifs of Dofjs 


Test 

— ■ 

Intrnvcnons 


Animal 

Motcrial Injected 

Boce* 

Result 

Dog 4S3 

Sample i: normal intc'^linnl conlonlF, doc 

3 cc. 

Violent toxic symptoms; 

Dog 4S1 

4*3; ccnlrifucatcc! fui>ornnlnnl fluid 
BcrlccfcUl flltrntc of snmpl<» 1 ,. 

o cc. 

died In 20 hours 

Toxic symptoms: 

Dog ISO 

Saniple 2; eontenl« from above ".lie of 

3 cc. 

recovered 

Recovered 

Dog 4S.') 
Dog 437 

Obstruction, do^; 4^3; supernatant fluid 
BcrVclcld flUratc ot pntnplc 2 

3 cc. 

Recovered 

Sample 3; content* o( Isolated obstructed 
loop, doj: 473; supernatant fluid 

Bcrkctcld flltrntc o{ sample 3 

cc. 

Recovered 

Dog 4S2 
Dog 497 

3cc. 

Recovered 

Sainiilo 4; normal intestinal content, dog 

3 cc. 

Died in 7 liours 

Dog 490 
Dog 495 

4,j; supernatant fluid 

Bcrkotold flltratc o{ sample 4 

3 cc. 

Died In 45 liours 

Sample S; contents from tibovc site ot 
obstruction, dop 473; supernatant fluid 
Bcrkefeld filtrate of sample n 

o cc. 

Recovered 

Dog 499 
Dog 500 

3 cc. 

Recovered 

Sample C; contents of Isolated obstructed 
loop, ciOB 475; supernatant fluid 

BerKefcld filtrate of sample C 

3 cc. 

Died in 23 liours 

Dog 495 

3 cc. 

Died in 4S hours 


• Per kilogram of body weight. 


samples of normal contents are much more consistently toxic than those 
irom the obstructed loops. It is true that the crude material containing 
I te tarry sludge so commonl}’ formed in the obstructed loop is violently 
oxic on intravenous injection. Such material, however, is unsuitable 
tests no matter what its source is. 
angensteen has previously' reported the contents of an obstructed 
owel to be less toxic than the normal, and our work, with the exceptions 
'^oted, bears out his observations. We consider it unnecessary to present 
till observations in detail. The limited data contained in 

fed^^ ^ ™ ^'^dition to the ky'inographic records, present typical 

I Wangensteen, O. H., and Chunn, S. S.: Studies in Intestinal Obstruction: 
Ar 1 T’'"Parison of the Toxicity of Normal and Obstructed Intestinal Content, 
^rch. Surg, 16:606 (Feb.) 1928. 
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■ ^yfnograph series V. A shows the toxicity of the contents of obstructed 
es me as compared with normal contents. The contents of dog intestine (1 cc. 
eac Kg. of body weight) were injected intravenous!}' into a dog tinder etlicr 
'’ft ^ ®^ows the toxicity of the content of obstructed intestine as compared 

. I ' ^ from an enterostomy after operation. The following mate- 
'll f intestine, case 1) was injected: i. Supernatant fluid, drainage mate- 

ria trom enterostomy, 1 cc. for each 5 Kg. 2. Supernatant fluid, contents of 
, 1 cc.. for each 5 Kg. J. Supernatant fluid, contents ot 

ructe intestine, 1 cc. per Kg. This injection produced no effect although tiic 
se was increased five times. Supernatant fluid, drainage from entcrostomj, 

I cc. for each 5 Kg. 
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In addition to the observations on dogs tve have studied the contents 
of obstructed human intestine in sixteen cases. Most samples of this 
material possessed slight toxicity as compared to the drainage material 
which was subsequently obtained from the enterostomy above the 
obstruction. A few samples from obstructed bowel were found to be 
innocuous as portrayed in kymographic record V (fig. 6) showing the 
tests in case 1. In this patient after a few days the drainage material 
from the enterostomy acquired the toxicity typical of the normal con- 


5 . — Toxicity of Obstructed Intestinal Contents 


Test 

Animal 

Material Injected 

Intravenous 

Dose* 

Result 

Dog 569 

Sample 1; supernatant fluid, contents of 

Sec. 

Severe toxic symptoms; 

Dog 570 

loop, dog 5491 

Berkefeld filtrate of sample 1 

3 cc. 

died in 4 hours 

Mild symptoms; 

Dog 340 

Sample 2; combined contents of several 

3 cc. 

recovered 

Mild symptoms; 

Dog 341 

isolated obstructed loops of ileum; super- 
natant fluid 

Derkefeld flltrato in sample 2 

3 cc. 

recovered 

Mild symptoms; 

Rabbit US 

Supernatant fluid; sample 2 

5 cc. 

recovered 

Died in convulsions 

Rabbit 75 

Berkeield filtrate of sample 2 

5 CC. 

Recovered 

Rabbit 3S 

Sample 3; contents of isolated obstructed 

5 CC, 

Immediate death 

Rabbit 36 

loop of duodenum which was fatal to 
dog 603 in 48 hours; supernatant fluid 
Berkefeld filtrate of sample S 

0 cc. 

Toxic symptoms; 
recovered 

Dog 408 

Tests on Content Above Site of Obstruction 
Sample 4; contents above site of obstruc- 3 cc. 

Toxic symptoms; 

Dog 4S3 

tion in jejunum; supernatant fluid 
Eerkcfefd filtrate of sample 4 

3 cc. 

recovered 

Mild symptoms; 
recovered 

Convulsions; died at 

Rabbit 104 

Sample 5; duodenal contents above site of 
obstruction at ligament of Treitz; super- 
natant fluid 

Berkefeld filtrate of sample 5 

5 CC. 

Rabbit 117 

. 5 CC. 

once 

Convulsions; died at 

Bog 292 

Sample 6; contents above site of obstTUC- 

3 cc. 

once 

Died in 24 hours 

Dog 294 

tion (ileum) in man, ease l; supernatant 
fluid 

Berkefeld filtrate of sample 6 

S cc. 

Recovered 

Babbit 59 

Supernatant fluid; sample 

5 cc. 

Died in 48 hours 

Rabbit 61 

Bertefeld filtrate of sample 6 

5 cc. 

Recovered 


* Per kilogram of body rveight. 

f This vfas a 2 foot loop of high jejhmmi of dog 54!) which soiyived for P days, at which 
time he was killed. " „ 


tents of the small bowel. In this case the enterostomy was high in the 
jejunum, and its drainage material would naturally contain a great 
amount of the combined pancreaticoduodenal secretions. Drainage from 
a low enterostomy usually shows less toxicity. 

Proctocoh — (Dogs 473 and 475 ). — Two dogs (473 and 475) were anesthetized 
'vith ether after twenty-four hours' starvation. In each animal the abdomen was 
opened; the jejunum was sectioned with the cautery about 8 inches (20 cm.) below 
the ligament of Treitz. The normal fluid contents of the duodenum and jejunum 
were collected and kept for testing. The jejunum was again sectioned about 3 feet 
191 cm.) below Treitz's ligament. All the stumps were inverted, and no anastomosis 
was made. By this procedure we produced in each case a jejunal obstruction in 
addition to an isolated obstructed loop of jejunum. 
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Dog 473 was killed two daj's later, when in fair condition. The loop was intact 
but distended with a large amount of fluid. The contents of the loop and also the 
material above the site of the obstruction were tested and found much less to.xic 
than the normal, as shown in table 4 and in kymographic record (fig. 5). 

Dog 475 was explored at death, seven days after the obstruction. The loop 
was gangrenous and showed a small perforation, causing death from peritonitis. 
The contents of the loop were more toxic than in dog 473 (chemical studies showed 
the contents of the loop of dog 475 to contain large amounts of histamine). Neither 
the contents of the loop nor the material above the site of the obstruction was 
equal to the normal in toxicity. 

GENERAL COMMENT 

Many questions naturally arise from the foregoing observations. 
What are these toxic substances ? Are they absorbed ? If so, how and 
under what conditions? How can the reduced toxicity of the contents 
of the obstructed bowel as compared to that of the normal contents be 
explained ? These are only a few, but er^en the)’’ cannot be answered in 
full at this time. By studies still in progress we hope to make further 
contributions, but at present we are justified in making only a few 
general comments. 

Histamine produces eflfects comparable to the reaction rve have 
described, and, as Gerard reported, is present in varying but usuall) 
small amounts in practically all the samples of intestinal contents. We 
found, however, in our preliminary tests that samples of normal intes 
tinal contents retain most of the toxic property after the histamine is 
removed. In filtrates of the contents of obstructed intestine which ve 
tested similarly, the removal of histamine left little or no toxicit) . 

Concerning causes of the reduced toxicity in the obstructed intestine 
as compared to that in the normal bowel we have no definite exp ana 
tion. In the contents of low isolated obstructed loops it is obiious t ia 
little or no normal toxicity is present when the loop is formed,^ an 
toxicity which is acquired must be due to bacterial putrefaction 
formation of histamine and other toxins). Under other con 
ivhich normal toxicity must be present in the contents at the 
disappearance or reduction in potency may be due to destnictn e pu 
tion. There is the possibility, for which we have no proof, t lat 
substances ma)" be remolded by absorption. 

As for this phase of the problem we have seen nothing to 
the statements we have previously made that in simple obstruc 
long as the intestinal wall remains intact, there is no absorption ° 
sufficient to cause death.- When, however, the wall becomes . 

there is ample evidence that any of these substances ma) s m 

11. Gerard. R. W. : The Lethal Agent in Acute Intestinal Oh,triiction, J. 

A. 79:1581 (Nov. 4) 1922. 
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througli transpcritoncally, just as they are dialyzed tlirough a dead mem- 
brane. As for the possibilit_v that absorption may occur into blood or 
lymph with lesser degrees of injury from overdistention or strangula- 
tion, no satisfactory proof has been produced experimental!}'. However, 
the mere absence of such convincing evidence is not necessarily a proof 
of the negative. Even though toxins were aljsorbed, they might be 
destroyed or taken up by the tissues, or otherwise rendered undetectable. 
In fact, the transient effect on the blood pressure following intravenous 
injection is evidence that this must be to a large extent true. 

Though these questions remain unanswered, the observations we 
have reported are somewhat enlightening. It appears that little signifi- 
cance need be attached to the finding of toxins in the obstructed bowel, 
when even more potent toxins are normally present within the lumen. 
Furthermore the statements to the effect that intravenous injection of 
these toxins leads to resecretion into the upper part of the intestine 
are open to question on the same basis. We have investigated these 
claims and, as previously stated, we find the normal pancreaticoduodenal 
secretion more toxic than any material we have tested. Aside from this 
material we find no toxin secreted into the upper part of the intestine 
following the intravenous administration of contents of an obstructed 
bowel. In general, we find no basis for the assumption that intestinal 
obstruction leads to the formation of a specific toxin. We find toxic sub- 
stances normally present within the lumen of the bowel, their chief source 
being the pancreaticoduodenal secretion. In high obstruction artificially 
produced in the dog we find definite evidence that necrosis and autolysis 
of tissue by activated pancreatic juice is the most important factor in 
the rapid death which occurs. We are not at present prepared to dis- 
cuss this subject in full, and autopsy studies have not revealed pancreatic 
necrosis in fatal cases of intestinal obstruction in man. 

It is quite apparent that many factors must be involved in the problem 
of intestinal obstruction, and nothing is gained by attempting to explain 
the mechanism of death on the basis of one single factor. Much valu- 
able information has been accumulated in the past few years, and, on 
the whole, we have at least as many scientific data on the subject of 
acute intestinal obstruction as are available for any other problem in 
medicine. We are still attempting to solve the question, “Are toxins 
absorbed; if so, how and under what conditions?” But it seems likely 
that its solution is chiefly of academic interest. From a practical stand- 
point the chief cause of death in acute intestinal obstruction is the delay 
tvbich so commonly proceeds the proper treatment. 

t2. Sweet, J. E. : Intestinal Obstruction, E.xperimental Research, Internat. Clin. 
1 :" 2 , 1920 . 
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CONCLUSIONS 

1. The normal contents of the bowel in clogs and in human subjects 
is always toxic when injected intravenously into animals. 

2. Admitting the presence of many substances which may contribute 
to this toxic property, the chief source of the toxin appears to be the 
pancreaticoduodenal secretion. 

3. The contents of the obstructed bowel or of an isolated obstructed 
loop is less toxic than the normal intestinal contents, unless the obstructed 
segment receives and retains in concentrated form the pancreatico- 
duodenal secretions, in which case its toxicit}^ may equal or exceed that 
of the normal contents. 

4. Methods of testing the material, the significance of the results 
obtained, the question of toxemia and other causes of death have been 
presented. 
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The value of heat as a potent agent in treating disease has long been 
recognized. Therapeutic heat is given in various ways ; its penetration 
formerly depended on radiation from some hot, external object. With 
the advent of diatheriu}' ^ a new form of application of heat was given 
to the medical profession. The value of diathermy theorectically depends 
on the development of heat within the tissues by the passage of a high 
frequency electric current through them. Whether there is some as yet 
unknown electromagnetic effect remains for further study, and does 
not fall within the scope of this paper. Because the heat is generated 
within the tissues, instead of coming from an external object, it should 
be more penetrating and, therefore, more effective than any other 
previous thermotherapy. Such claims are advanced in the literature, 
although since the time of d’Arsonval insufficient scientific investigation 
has been made to prove the actual penetrating qualities and mode of pro- 
duction of this heat and its effectiveness in the deeper tissues. In recent 
years much has been accomplished toward solving these problems, 
so that thermotherapy may now be more rational and be placed on a 
firmer scientific basis. 

Much has been written concerning the value of diathermy in the 
treatment of fractures, especially in hastening delayed union. Of course, 
the disease causing the delay in union is an important consideration, 
but we believed that this problem should be studied first under as nearly 
normal conditions as possible. When we began these studies, we were 
skeptical as to the rise in deep temperature, particular!}" within osseous 
tissue — which is a poor conductor of electricity — and still more doubtful 
^is to the value of diathermy in delayed union. A large amount of 
skepticism has been erased, as the microscope demonstrated an increase 
m formation of new bone when diathermy was used. 

From the Surgical Hunterian Laboratorj', Johns Hopkins University. 

1. d’Arsonval, A.; Compt. rend. Soc. de biol. 43:283, 1891. 



Fig. 2 . — Graph si 
with - 










^ Fig. 3.— .-i, photomicrograph of the left leg after diathermy for one v.er: 

owing marked periosteal and endosteal formation of new bone. Note the hiedii 
'a>cu anzed marrow and numerous osteoblasts lining the newly formed trabeciil.i 
' P^’otomicrograph of the right leg after control observation for o,. 
'•ce ight periosteal formation of new bone is seen. 
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to the treatment. Shortl)^ after turning on of the current there was a 
free flow of blood, but as soon as the heat was discontinued and the 
leg allowed to cool a little, the bleeding stopped. This occurred with 
such regularity that we were forced to conclude that the heat or perhaps 
some other electromagnetic efifect of the diathermy dilated the blood 
vessels, allowing free escape of blood into the wound. We assumed then 
that any beneficial effects, such as increased formation of new bone 
following diathermy, would probably be due to the increased circulation. 

Diathermy electrodes, sterilized by boiling, were on one occasion 
applied while hot, water from the sterilizer being retained in the rubber 
'sponges. As soon as these hot electrodes touched the leg a rapid rise 
in temperature occurred, in both the muscle and the bone, demonstrating 
that with such a small part of the body as the dog’s forelegs, external 
heat will also raise the temperature of the bone. This seems to indicate 
that in these animals, at least, therapeutic effects can be obtained by the 
external application of hot objects. In clinical use, however, particularly 
in dealing with the large limbs of human beings, diathermy heat is 
more readily applied and probably penetrates more deeply. To prove 
this and to determine whether this type of external heat will stimulate 
formation of new bone, along with increasing temperature, require 
further investigation. 

Considerable time was required and several animals were killed 
before our technic was sufficiently standardized for application to a well 
controlled series of animals. Nine dogs were used in the final group. 
Sloughing of the skin developed in one of these, so that it had to be 
eliminated. Our results, therefore, are based on eight successfully treated 
and controlled animals. During the first treatment, readings of the 
temperatures of the bones and muscles and the milliamperage were 
taken at the beginning of the experiment and every five minutes during 
the time that the current flowed. These readings were tabulated to form 
curves representing the rise and fall of the temperatures, with the rise 
and fall of the milliamperage as abscissas and the time as ordinates. 

Figure 8 is a composite chart of the dogs in our series. The mean 
variations in milliamperage and the rises in temperature in the bones 
and muscles are all represented. It will be noted that, on the whole, the 
rise in temperature of the muscles and that of the bones are nearly 
parallel. The temperature of the muscles rises a little faster at first, 
to be overtaken later by the temperature of the bones, which, near 
tiie end of the experiment, again falls. These variations are hard to 
explain and for our purposes were not further studied. The main 
object of the investigation was to secure an actual rise in temperature 
in the hone, which we could reproduce at will by repeating the exact 
application of current determined at the time of the operation, which gave 




Fig. 4. — Graph showing changes in temperature in bone and muscle, with 
variations in milliamperage. 



Fig. 5. — A, photomicrograph of the left leg after diathermy for two 
Note the rich periosteal and endosteal callus with a highly vascularizec m. 
which completely fills the region. B, photomicrograph of tlie riglit *‘■'5 
trol observations for two weeks. This section, from the region in uhic i 
otomy was done, is partially filled with endosteal callus. Note the almost comj>' 
absence of perisoteal callus. 



Temperatare, f. 





m 




I-ig. /.—Photomicrograph of the left leg after diathermy for four weeks. The 
defect is .almost completely filled by compact bone, rich in haversian canals. li 
photomicrograph of the right leg .after control observations for four weeks. The 
region in which osteotomy was done is filled with a newly formed lamellar type 
of lione arising ni.aiiilv from the endosteum. 
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the nso in Innpcratnrc in tlic Iwnc aliove the normal and yet within 
J^hy.,uIo.nc limit. Tliat this was obtained and gave definite beneficial 
lesnlts IS venhyd by the results of the postmortem examinations. 

^/icrosro/^ir Cham,cs.~Onc ^VecI< (figs. 2 and 3) : In the treated 
eg tlie hole was (died with vascularized connective tissue, a few degen- 
eiated red blood cells and a small amount of bone dust. An attempt 
at formation of new bone was evident, arising from the cut edges of the 
cndo.qeum. 'I'lic endosteum in the neighborhood of the hole showed a 



Fig. S . — A composite chart of seven experiments showing average changes ni 
the temperature of the bones and muscles, with variations in milliamperage and 
time, as determined at the operation. At subsequent treatments the same milli’ 
amperage was maintained, with the expected rise in temperatures of the bones 
and muscles. 

marked proliferation of osteoid tissue extending down into the marrotv 
cavit}^ and the marrow cavity near the hole was filled with young fibrous 
connective tissue, which was highly vascularized. 

In the control leg the hole was filled with a partially organized blood 
clot, fibrous connectir^e tissue, degenerated red blood cells and bone 
dust, undergoing partial, absorption. The cut edges of tlie endosteum 
were lined by fragmented bone Avith the bone cells missing. Tlie cut 
edges of the cortical bone were lined b}'^ bone dust and fibrous connecti 
tissue and occasionally by osteoblasts. 
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Two Weeks (figs. 4 and 5) : The treated leg showed marked forma- 
tion of new bone arising from the periosteum, the endosteum and the 
cut edges of the compacta. There was also evidence of formation of 
new bone in the marrow, with consecpient narrowing of the medullary 
cavity. 

In the control leg there was some periosteal new bone in the immedi- 
ate neighborhood of the hole, with some osteoid tissue — not yet bone 
— arising from the cut edges of the endosteum. The cut edges of the 
compacta were lined with unabsorbed bone dust, with an occasional 
osteoblast. The medullary cavit}' was filled with blood and with bone 
dust partially absorbed by fibrous connective tissue. 

Three Weeks; In the treated leg there was a decided advance in 
the periosteal and endosteal formation of new bone. The cut edges 
of the endosteum were lined with osteoblasts. There was a marked 
proliferation of bone in the medullary cavity, so that it was almost 
completely filled. 

There is no periosteal new-bone formation, and only a slight amount 
of endosteal new bone in the control leg. The medullary cavity was far 
from being completely filled with bone. Along the site of the hole 
made by the drill the cavity was filled with a partially organized blood 
clot and some bone dust. Other portions of the marrow appeared to be 
normal, so that the osteogenesis was local. 

Four Weeks (figs. 6 and 7) : The treated leg revealed marked new 
periosteal bone. The hole was completely filled with a compact type 
of bone (not the young lamellar type) and looked like old cortical bone, 
except for an increase in haversian canals, which were more vascular 
and contained a larger number of 3 ’oung fibroblasts than usual. 

In the control leg there was little or no periosteal new bone, and the 
hole was filled with a lamellar tr'pe of bone, so that it was not yet healed. 

COXCLUSIOKS 

1. In experimental animals diathermy properly applied will raise 
the temperature of the bones and muscles. 

2. The rise in temperature increases the local circulation. 

3. Such increased physiologic activity accelerates the formation of 
new bone. 

120S Eutaw Place. 

214 Medical .^rts Ijiiilding. 
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CiriCAGO 

At\'pical lijjomatoiis tumors have I)een described under a vaiiety of 
names, such as “myxoma lipomatodes,” “lipoma m3'xomatodes, myxo- 
fibrolipoma” and “myxosarcolipoma,” according to the structure of the 
tumor and the pathologist’s point of view. The literature shows that 
most of these atypical lipomatous growths occur in the intramuscular 
tissue of the lower part of the bod}', especially in the groin and uppei 
thigh. The term “lipoma pseudoinyxomatodes” has been applied to 
certain of these aH'pical tumors, the fat cells of which they are piinci^ 
pally composed being immature and atypical, capable of pioliferatinc 
and forming a syncytium-like structure and producing a inucoi mtei 

cellular substance. . _ 

The case reported here of a tumor of this type is of inteiest ecause 

of the unusual location of the growth and because, possibly, the iisto Oj, 
observations may be a contribution to the interpretation of the ni}xom 
atous changes taking place in the structure of the tumor mass. 


REPORT OF A CASE 

History.—]. E., a white man, aged 57, was admitted to Cook 
on Oct. 11, 1932. The patient stated that he had always ^ ^ poste- 

seven years before admission, when a small soft swelling was o s subjective 

rior aspect of the left shoulder. It was painless and ,he 

symptoms. This swelling gradually increased m size until i 
patient to put on his clothes. No other swelling was o serve ^ 
history disclosed no other important disease, but the i 
amputated, following an injury. lo 5 S 

E.vamiiwfion.— The patient did not appear to be ’ complained of. 

of weight; his appetite was good; no constipation or larr abdomen 

The head, neck and chest were normal, except for carious 
was soft and relaxed and no masses were felt. bad a 

The cardiovascular and genito-urinary systems were occasional 

specific gravity of 1.018, an acid reaction, a trace o a jvstolic 

granular casts and pus cells, but no sugar. The blood pres 
and 98 diastolic. 

From the Surgical Service of Cook County Hospital. 
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"’ass larger than the 

in >tnt.s iic.Kl. It irregular in contour; expansible pulsation was not evident 
1 he mass was crossed by many large, dilated veins and a large pulsatin- artery 

gnres 1 and 2. winch show the lateral and dorsal views of the tumor mass 
-ptcdon and palpation of the tumor gave the impression that it was lipomatous. 

0/>ii(i/ioj(.~]|,c tinnor was found to be a large multilocular cystic mass, which 
uas easily excised. The sutures were removed on the seventh postoperative dav 
and the patient left the hospital in good condition on the following day. The post- 
operative course was afebrile. 

The soft gelatinous mass removed measured 22 by 20 by 10 cm. and weighed 
about IK' pounds (780.4 Gm.). 



Fig. d. — The excised tumor, showing (I) skin, (2) subcutaneous tissue, (i) 
lobules of intact fat tissue and (4) e.xtensive areas of my.xomatous degeneration. 


Pathologic Examination . — The pathologist’s report follows: “Macroscopic: 
The specimen is a large tumor mass 22 by 20 by 10 cm., which is covered on one 
side bj' a piece of skin and subcutaneous tissue measuring 12 by 20 cm. The 
tumor is moderately soft "and fairly well circumscribed, although it has no definite 
capsule. The cut surface has a variegated appearance. Some areas are bright 
yellow, but most of the surface is light gray and mucoid in appearance, with 
stringy mucoid material exuding from it. There is a small amount of hemor- 
rhagic mottling (fig. 3). 

“Microscopic : Part of the section is composed of large fat cells with a delicate 
intercellular stroma. In many areas this stroma becomes loosened and slightl) 
more cellular. The changes can be followed up to an extreme degree of inter- 
stitial loosening of the stroma, so that the tissue seems to be composed of an 
edematous fibrillar material in which the finest fibrils are individually isolated. A 
rich network of fibrils protrudes from each connective tissue cell. All of this tissue 
is embedded in a diffuse bluish-staining hyaline ground substance. 

The diagnosis was lipoma pseudomyxomatodes. 





Fig. 4. — Photomicrograph oi lipoma pseudomyxomatodes, showing (J) lipoma- 
tous tissue, (2) early myxomatous transformation and (J) advanced myxomatous 
metamorphosis; reduced from X 120. 



Fig. 5.— High power magnification (X 540) of myxomatous area, showing 
extensive fibrillar loosening of the myxoma-like cells, embedded in a mucoid ground 
substance: (Jl extensive loosening and separation of the fibrils of (he connective 
tissue: (J) nuclei of myxoma-like cells, and (.’1 mucoid ground substance. 
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COiMiMKKT 

Atypical liponiatons tumors, composed of mucinous and fat tissue, 
are not very rare. J hey may he benign or may have undergone malig- 
ii.'int deg'cneration. Jn J916 Robertson^ collected reports of fifty-one 
cases from the literature. In seventeen of these cases the growth was 
situated retropcritoneall}' ; in three it was in the mesenter}' and in most 
of tlic remainder it was in the leg or arm. Thirty-three per cent of 
the fifly-one tumors were malignant, and since 1916 many other malig- 
nant lipomatous tumors have been recorded. 

Cases of atypical lipomatous tumor situated in the upper extremity 
arc rather infrequent. Since Robertson’s report I can find in the general 
literature record of only one case and this case was similar to ours. 
Rose.- a few years ago, reported a case of pedunculate lipoma situated 
on the inner side of the upper part of the arm of a woman (age not 
stated). The growth, which weighed pounds (3,855 Gm.), had been 
in existence for twent 3 '-five years, and seemed to be undergoing mucoid 
degeneration. The pedicle contained several veins and one large artery. 

The question of malignant changes in lipomatous tumors has received 
much attention. Pure lipomatous malignant tumors, such as the true 
liposarcoma, occur rarely and, according to man)' authors, it is probable 
that the lipomatous tissue is really a fatty degeneration of the sarcoma. 
For instance, in the case reported by Jaife® the tumor was a sarcoma 
with extensive fat deposits in the cells. He therefore diagnosed the 
tumor as a liposarcoma. 

On the other hand, the occurrence of true fatty degeneration has 
been denied. Lipvendahl * expressed the belief that it is out of the 
question : that lipomatous tumors chiefly occur in those parts of the 
body where the amount of fat is greatest; and he suggested that globules 
of fat are formed within the cells, coalescing and appearing as large 
bodies of fat in the cytoplasm. Moreover, there is the opinion defender 
by Jacobson ® and others that under certain conditions mucin 
produced b}' fibroblasts ; that in fact the fat cell is essentially a modi ec 
fibroblast. 

M 3 'Xomatous degeneration of lipomatous tumors has been repoitec 
or suggested in a number of cases and has given rise to controrers) as 
to what it real!)' signifies. Jaffe ® summarized the opinions expressec 

1. Robertson, H. E. : Lipoma, J. M. Research 35:131, 1916. p a T 

2. Rose, B. T.: A Case of Pedunculated Lipoma of the Upper Arm, bn • J- 
Surg. 15:525, 1928. 

3. Jaffe, R. H. : Recurrent Lipomatous Tumors of the Groin, Arc i. 

Lab. Med. 1:381 (March) 1926. G ncr. 

4. Lipvendahl, R. A. ; Liposarcoma of the Mammarj' Gland, Surg., ) 

Obst. 50:81, 1930. 

5. Jacobson, V. C. : J. Cancer Research 6:109 (April) 1921. 
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in the literature in reporting a case of lipoma pseudom3'xomatodes. He 
stated that, as shown bir the histologic examination in his case, the 
mucoid parts of the tumor were not true myxoma tissue but areas of 
mucoid degeneration resulting from an extensive edematous loosening 
of the connective tissue. Hence the name “lipoma pseudomyxomatodes.” 
However, that this is not merely an ordinary degenerative change is 
evident by the presence of many centers of growth, consisting of young, 
immature fat cells. It is these 3"Oung and immature, rapidly growing 
fat cells that undergo m3’xomatous transformation. But these fat cells 
are different from the cells of a true myxoma. According to Jaffe the 
close relationship between myxomatous and fat tissue during embryonic 
life explains the observation that fast-growing immature fat cells some- 
times resemble mucin cells without really being transformed into them. 
In the present case figure 5 shows ver3' clearl3f the earl3’- and advanced 
mi’xomatous transformation of lipomatous tissue. 

It appears that there are some questions still to be settled in regard 
to the nature of atypical lipomatous tumors, especially of the class known 
as lipoma pseudomyxomatodes. 



CHROMAFFIX CFLL TUMOR CAUSING PAROXYSMAL 
HYPFRTFXSION, RFJMEVED BY OPERATION 

fr]-:dericiv a. coller, m.d. 

HENRY FIELD, Jk., M.D. 

AXD 

THOMAS iM. DURANT, M.D. 

AXX ARBOR, JIICH. 

Ihc first satisfactoiy description of a chromaffin cell tumor (other- 
wise known as jiaraganglionia, perithelioma or pheochromocytoina) is 
credited to Berdez ’ in 2892. These tumors occur usually in the supra- 
renal medulla, hut have been found in other locations in which there 
may be chroniaftin tissue. This tissue is distinguished, as its name 
implies, by its affinit}- for chromates, which stain the cells brown. It 
has its embryonic origin in sympathetic ganglion cells which in turn are 
the result of migration and differentiation of cells from the neural crest. 
It is embryologically and functional!}' distinct from suprarenal cortical 
tissue. 

Epinephrine being secreted by chromaffin cells, it is not surprising 
that tumors of this tissue should be associated with hypertension. In 
1897 X'cusser - described two patients — one a man of 25 years both 
of whom died of cerebral hemorrhage and in whom no cause for hypei- 
tensiou was found other than tumors of the suprarenal bodies (carci- 
nomatous degeneration). He definitely postulated that in these cases 
hypertension was caused by an increased production of the physio- 
logically active secretion of the suprarenal bodies. 

However, these tumors are rare. The early reports consisted almost 
solely of histologic descriptions of the tumors. Even in more recent 
reports the clinical descriptions have often been incomplete, the li”™' 
having been accidentally discovered at autopsy; the reported climca 
findings have not been constant, and different anatomic diagnoses ha\e 
been associated with similar clinical conditions. 

It seems desirable to attempt to clarify the situation and to estaiis i 
a basis for clinical diagnosis if possible. If the condition is diagnose^^, 
these cases are amenable to surgical cure because the tumors, m a mos 
all cases, have been well encapsulated and are free from metastascs. 

From the Departments of Medicine and Surgery, the Universif) of Miclfg^^^ 

1. Berdez: Contribution a I’etude des tumeurs des capsules surrena cs, 

d. med. e.xper. et d’anat. path. 4:414, 1892. _ _ .1 H.: 

2. Neusser, E. ; Die Erkrankungen der Nebennieren, in L 

Spezielle Pathologic und Therapie, Vienna, Alfred Holder, 1897, vol. . P- 
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A number of the more recent cases which have been reported in 
detail have had a striking clinical picture in which the hypertension has 
occurred in paroxysms with a characteristic symptomatology. There 
have also been symptoms suggestive of the paroxysmal h}'pertensive 
syndrome in some of the other cases about which information is not as 
complete. 

It is our purpose in this paper to report a new case of chromaffin 
cell tumor with paroxysmal hypertension in which resection of the tumor 
gave relief, and to review the cases about which there is some clinical 
information. The present case is the fourth one in which there has been 
relief by surgical intervention. In two of those with relief by operation 
the condition was not diagnosed as chromaffin cell tumor, but the cases 
seem to belong in this group for reasons which will be discussed later. 

REPORT OF CASE 

C. S-, a boy, 16 years of age, entered the University Hospital with the chief 
complaint of attacks of dyspnea, sweating, headache, precordial oppression, nausea 
and vomiting. These attacks had occurred two or three times a week over a 
period of five months prior to his admission. They occurred usually at night 
and came on without apparent cause. An attack lasted several hours. Between 
attacks the patient felt well except for some dyspnea and palpitation on exertion. 
The history ivas irrelevant except for asthma in May and June every year 
since the age of 6 months. There had been nocturia (once or twice a night) 
for one and one-half years. 

Physical examination revealed a fairly well developed and well nourished boy. 
The pupils were regular and equal and reacted normally in accommodation. Oph- 
thalmoscopic examination showed endarteritis and periarteritis with fresh and old 
hemorrhages. There was a considerable degree of oral sepsis. The apical impulse 
of the heart was palpable 10 cm. to the left of the midsternal line in the fifth 
intercostal space. The heart sounds were regular and of good quality. There 
was a loud, blowing systolic murmur, with maximum intensity in the second inter- 
costal space just to the left of the sternum, also heard over the entire precordium. 
The blood pressure was 125 systolic and 105 diastolic. Examination of the lungs 
gave entirely ’ negative results. Palpation of the abdomen revealed no masses, 
palpable organs or areas of tenderness. There was no edema of the extremities. 
The reflc.xes were normal. 

The Kahn reaction of the blood was negative. Repeated specimens of urine 
showed an intermittent albuminuria, some specimens showing as much as 3 plus 
albumin. Casts in varying quantities up to 10 per low power field were found 
from time to titne. Hemoglobin determinations and the red cell, white cell and 
differential counts were normal. Elimination of phcnolsulphonphthalein was 52 per 
cent in two hours. A concentration test disclosed an ability to concentrate to a 
specific gravity of 1.023. -An electrocardiogram showed a sinus tach\-cardia and 
inversion of the T waves in leads I and II. Roentgenograms of the chest demon- 
strated pcritruncal infiltration extending into both apexes, .^n orthodiagram 
showed the size of the heart to be within the limits of normal variation. Ordinarv 
roentgenograms of the kidneys and pyclograms showed no definite abnormality. 
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I'oIIowintr (lie i)nliciirs admission it was noticed that coincident with the attacks 
tlierc was a marked fliichiation of Wood pressure. This is well illustrated by 
litfiire 1, in which the blood pressures determined every few minutes over a two- 
hour period are recorded. Figure 2 shows the routine daily blood pressure deter- 
minations. Later in the course of the patient's illness the rapid fluctuations were 
no longer observed, the blood pressure rising to a level between 280 and 340 
systolic and remaining at this level, with minor fluctuations, for several hours 
before dropping again to within normal limits. During the attacks the patient 
[)crspired profusely. The c.vtreniitics were cold and clammy. The lips appeared 
sliglUly cyanotic. Tlie patient complained of headache, precordia! oppression or 
pain, dyspnea and occasional!}' epigastric pain associated with nausea and vomit- 
ing. Fxatnination of the heart and lungs during the attack revealed no changes 



Fig. 1. — Marked fluctuations of the blood pressure during a paroxysm of h>pe 


tension. 

other than the slowing of the heart rate, which was a constant 
of the hypertensive phases. There was no elevation of blood sugar or nonpr 
nitrogen during the attacks. The effect of various drugs on the 
hypertension was noted, and the only striking effect was that pro ucc J 
inhalation of amyl nitrite, which caused a sudden drop in pressure o rom 
to ISO mm. with an associated severe sensation of dizziness. ^ 

nephrine given in the intervals between the attacks was also note , 
showed marked hyposensitiveness to epinephrine as compared w d i le (jriig 
noted by Jensen^ in normal and hj'pertensive persons given injections o 
As time went on the patient’s attacks became more severe and 
occurring almost daily. During one attack acute pulmonary edema e\e 

3. Jensen, J. : Adrenalin Test in H 3 'pertension, Am. Heart J. 5.7 
19.30. 
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the expectoration of considerable quantities of frothy, blood-stained sputum. It 
was decided at this time that exploratory laparotomy, performed in the hope of 
discovering a suprarenal tumor, should not longer be delayed. 

The anesthetic chosen was nitrogen monoxide and oxygen. However, on 
administration of this anesthetic, the patient suddenly collapsed, becoming markedly 
cyanotic and pulseless. Recovery followed the administration of o.xygen. 

Two days later the patient was again prepared for operation, and on this 
occasion was given ether anesthesia. The condition remained satisfactory' during 
the induction, although after the operation began, the blood pressure rose from 
150 systolic and 120 diastolic to 300 systolic and 140 diastolic in an hour’s time. 
A midline incision 3 inches (7.6 cm.) long was made just above the umbilicus. 
The peritoneum was opened. Exploration revealed the left kidney to be essentially 
normal in outline, although the upper pole seemed somewhat firmer than usual. 



Fig. 2. — Routine daily determinations of the blood pressure. 

The spleen, liver, gallbladder, stomach and duodenum were normal to palpation. 
On the anterior aspect of the right kidney was a firm tumor about 8 cm. in 
diameter, lying lateral and superior to the hepatic flexure. A transverse incision 
was then made from the medial incision through the entire abdominal wall back 
to the peritoneal gutter on the right side. The tumor, as shown in figure 3, was 
directly under the peritoneum and occupied the anterior aspect of the kidney, lying 
on it without being attached to it. Its blood supply came entirely from the sur- 
rounding peritoneum and retroperitoneal tissues and not from the kidney. The 
renal capsule was intact. The suspensory folds of the hepatic flexure were incised 
and the colon retracted downward and mesially. The peritoneum was lifted and 
the tumor removed with ease. The peritoneum was reconstructed and the abdominal 
wall sutured in layers. 

Shortly following the removal of the tumor the blood pressure dropped rapidlv 
until no pressure readings could be obtained. The patient was given dextrose 
solution, 5 per cent, intravenously, and a saline infusion. This resulted in a tern- 
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liornry circulatory revival, witli a blood pressure reading of 95 systolic and 60 
di.istolic. Bui williiii a sliort time again no blood pressure readings were obtain- 
able. Following transfusion tbe patient's condition improved markedly, the blood 
I)rcssurc rising to 115 systolic and 85 diastolic. The condition of the patient then 
remained good, and further measures to combat shock were not found necessary. 

The report of the [lathologist (Dr. C. V. Weller) on the tumor was as follows: 
1 his neoplasm is made up of pol 3 ‘hcdraI cells with spherical nuclei and foam 
structure which arc arranged in small alveolar nests in relationship to the blood 



Fig. 3 . — Drawing of the operative field showing the relative size and posit 
of the tumor. 

vessels. This resembles some of the tumors associated with precocious 
It is unlikelj^ to have given rise to metastases at its present stage o .^'*1 
Chromate fixation shows a striking affinity for the chromate salts, m ica i 
tionship to the chromaffinic sj^stem rather than to suprarenal cortica s ru 
In the six months since the operation the patient has been entirelj fr 
attacks such as he previously suffered. He has been able to resume a 
ties of a boy of his age without unusual dj-spnea. During two peno s o 
tion in the hospital frequent blood pressure determinations have a nios 
between 120 systolic and 80 diastolic and 130 systolic and 90 diasto ic. 
of recovery from the vascular effects of hypertension in the ocu ar 
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kidneys is of interest. Oplitlialnioscopic examination shows improvement in the 
retinal vessels. There is no evidence of fresh hemorrhages or active inflammatory 
changes. The urine has been consistently free from albumin, very few red blood 
cells have been found, and the kidneys now show an ability to concentrate to a 
specific gravity of 1.036. 



Fig. 4. — A, photomicrograph of a section of the tumor, low power magnification ; 
B, photomicrograph of a section of the tumor, high power magnification, showing 
the large polyhedral cells, with cytoplasm of foam structure and chromaffin 
granules. 

C..\SES FROM THE LITERATURE 

We have been able to collect seventeen cases with the diagnosis of 
chromaffin cell tumor in which there were blood pressure determinations 
or m which the size of the heart was known. .-Knother case (12) with- 
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out. this information is lislctl because the symptom, rather frequent 
attacks of siiflocation, is suggestive of parox3'sms of hypertension. Two 
cases (]9 and 20 ) in which other diagnoses were made are also listed 
because the tvell flescrihed parox3'smal h3q)crtension which they showed 
was so similar to that of known cases of chromaffin cell tumor, proved by 
tile clironiate stain, that the3f seem to belong in this group. (We shall 
discuss later tlie dir/icult3' in histologic diagnosis if chromate fixation 
with its characteristic brown staining of tlie chromaffin cells is not prac- 
ticed.) These cases have been classified according to the action of the 
chromate stain on the tumor tissue. 


A. Positive Chromate Stain. — Case 1 (Herde^). — No clinical data were given 
for this patient, a woman, 62 years of age. The heart weighed 225 Gm. 

Case 2 (Herdc *). — The patient was a man, 45 years of age. No clinical data 
were given. The heart, which was “much enlarged," weighed 460 Gm. 

Case 3 (Helly •'■'). — A man, 43 years of age, had a condition of the heart which 
for a long time was regarded as “nervous," but finally was called “kidney heart.” 
The blood pressure was described as being considerably elevated. There was 
intermittent glycosuria. Tlie heart was extraordinarily hypertrophied, especially 
the left ventricle. 

Case 4 (Hausmanii and Getzowa®). — A man, 53 years of age, had dyspnea and 
frequently coughed up bloody sputum. The blood pressure was not known. There 
was slight glycosuria which disappeared. Death was caused by influenzal pneu- 
monia. The heart weighed 445 G'm., and there was hypertrophy, predominantly 
of the left ventricle. 

Case S (Biebl and Wichels"). — A man, 36 years old, had repeated attacks 
of semiconsciousness. "'He showed : polyuria and thirst ; glycosuria, 5,5 per cent, 
and acetone, -f. The blood pressure ranged from 208 systolic and 128 diastolic 
to 225 systolic and 125 diastolic. Paroxysms of hj'pertension were not observed. 
The heart weighed 450 Gm. 

Case 6 (Oberling and Jung®). — A woman, 28 years of age, was pregnant (at 
term) and complained of violent headache. There were no vasomotor or cardiac 
symptoms except slight edema of the legs. There were rapid fluctuations of t le 
blood pressure, without apparent cause, from 170 systolic and 125 diastolic to 
220 sj'stolic and 155 diastolic, a condition described as paroxysmal hypertension. 


4. Herde, M. : Zur Lehre der Paragangliome der Nebeniiiere, Arch. f. Wm. 
Chir. 97:937 (April 4) 1912. 

5. HelU% K. : Zur Pathologic der Nebenniere, Miinchen. med. Wdinsclir. b • 

1811 (Aug. 19)' 1913. , 

6. Hausmann, M., and Getzowa, S. : Ein Paragangliom des Zuckerkan 

Organs mit gleichzeitiger Herz- und Nierenliy^pertrophie, Schweiz, med. c nsc 
3:889 (Sept. 7) and 911 (Sept. 14) 1922. . 

7. Biebl, M., and Wichels, P.: Physiologische und patholopsch-anatomi.i. ^ 
Betrachtungen im Anschluss an einen Fall von Paragangliom beider Ne ennierc 
Virchows Arch. f. path. Anat. 257:182 (July 31) 1925. 

S. Oberling, C., and Jung, G, : Paragangliome de la surrenale 
sion paroxystique. Bull, et mem. Soc. med. d. hop. de Paris 51:366 ' 

1927. 
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The blood pressure was once 250 systolic and 190 diastolic. Death occurred from 
shock following delivery. The heart weighed 450 Gin. 

C.VSF, 7 (Rabin") — .\ woman, 45 years of age, for ten years had had palpita- 
tion and dyspnea on slight e.xertion and tremor of the hands. The range of 
blood pressure in several determinations was 177 .systolic and 122 diastolic to 
226 systolic and 108 diastolic. The heart weiglicd 515 Gm., and all the chambers 
were hypertrophied and dilated. 

C.xsE 8 (Schroder i"). — A. woman, 42 years old, for five years had suffered 
from sweats and attacks of faintness. For one and a half years she had had 
diabetes, which was considered to be refractory to insulin. There was no acetonu- 
ria. The blood pressure was 220 systolic and 140 diastolic. No paroxysms tvere 
observed. Autopsy revealed left ventricular hypertrophy. 

Case 9 (Pincoffs and Shipley •'). — A woman, 20 years of age, had attacks of 
constriction over the heart, palpitation, dyspnea, nausea, vomiting, headache and 
tremor associated with paroxysms of hypertension in which the systolic rate 
advanced to 260 mm. of mercury. Between attacks the blood pressure was normal 
(120 systolic and 90 diastolic). Surgical removal of the tumor brought relief of 
the sj’mptoms. 

Case 10 (Barker '=). — -A. man, 46 years of age, showed weakness and mental 
disturbance and had had recurring convulsions for three months. The blood pres- 
sure was 200 systolic and 114 diastolic. Paro.xysms of hypertension were not 
observed. Physical examination revealed the heart to be enlarged. 

B. Negative Chromate Stain. — Case 11 (Orth ^ 2 ). — The symptoms were not 
reported. The blood pressure was from 180 systolic and 115 diastolic to 230 sys- 
tolic and 140 diastolic. Paro.xysms were not observed. The heart showed marked 
hypertrophy and dilatation, especially of the left ventricle. The presence of epi- 
nephrine in extract of the tumor was shown by a test on a frog’s eye. 

Case 12 (Masson and Martin*'*). — A woman, 45 years of age, suffered from 
emaciation, pain in the right side of the abdomen and frequent attacks of suffoca- 

9. Rabin, C. B. : Chromaffin Cell Tumor of the Suprarenal Medulla (Pheo- 
chromocytoma) , Arch. Path. 7:228 (Feb.) 1929. 

10. Schroder, K. : Fine doppelseitige chromaffine Nebennierengeschwulst mit 
Hypertonic, Virchows Arch. f. path. Anat. 268:291 (June 20) 1928. 

11. Pincoffs, M. C. : A Case of Paroxysmal Hypertension with Suprarenal 
Tumor, Tr. A. Am. Physicians 44:295, 1929. Shipley, A. M. : Paroxysmal 
Hypertension Associated with Tumor of the Suprarenal, Ann. Surg. 90; 742 (Oct.) 
1929. 

12. Barker, L. F. : Cystic Tumor of the Medulla of the Suprarenal Gland 
(Paraganglioma), Associated with Early and Persistent Arterial Hypertension, 
with Arterial Thickening, and with Multiple Hemorrhages within the Central 
Nervous System, Causing Epileptiform Convulsions, Paralyses, and a Psychopathic 
State, M. Clin. North America 14:265 (July) 1930. 

13. Orth, J. : Ueber eine Geschwulst des Nebennierenmarks nebst Bemerkungen 
fiber die Nomenklatur der Geschwiilste, Sitzungsb. d. Preuss. Akad. d. Wissensch 
1:34, 1914. 

14. Masson, P., and Martin, J.: Paragangliome surrenal. Etude d’un cas 
humain de tumeurs malignes de la medullo-surrenale. Bull. Assoc, frang. p. I’etude 
du cancer 12:135, 1923. 
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tion. 'J'lie l)loo(l pressure is not known, hut tlic attacks suggest paroxysms of 
liyperlcnsiou. Tlic tumor was a surgical specimen. No autopsy was allowed. 

C.vsi-. 13 (Zeekwer . A woman, 56 years of age, had right hemiparesis, with 
iicute softening. 1 lie blood pressure is not known. The heart was not said to 
he enlarged on physical c.xamination or at autopsy. 

Casi-: 14 (Handschin ^“). — A man, 45 years of age, had a blood pressure of 
140 systolic. Clinical symptoms of hyi>crtcnsion were not described. Death was 
caused by bronchopneumonia, following extirpation of a carcinoma of the stomach. 
The heart was not included in the examination at autopsy'. 

Cask 15 (Wichels and BiebP'). — A man, 33 years of age, for five years had 
had headaches and attacks of unconsciousness with biting of the tongue. The 
blood pressure was 225 systolic and 130 diastolic. Paroxysms were not noted. 
Death occurred from bronchopneumonia. The heart weighed 450 Gm., and the 
left ventricle was hypertrophied. 

C. Chromate Stain Not Done. — Case 16 (Labbe, Tinel and Doumer^®).— A 
woman, 28 years of age, for several months had had attacks of epigastric constric- 
tion, vomiting, pallor and sweating, with paroxy'sms of hypertension in which the 
blood pressure rose to 280 systolic and 190 diastolic. She had two attacks of 
pulmonary edema. The blood pressure was e.xtremely irregular; it was usually 
moderately elevated, although once it fell as low as 120 systolic and SO diastolic. 
Death occurred with pulmonary edema. The heart weighed 340 Gm. 

Case 17. — (Labbe, Azerad and Violle^®). — A man, 29 years of age, had 
paroxysms of hypertension with tachycardia, violent palpitation, pallor and sweat- 
ing. The blood pressure was ordinarily around 160 systolic and 100 diastolic, but 
it rose to 300 or more during the paroxysms and remained there for an average 
of one hour. The heart weighed 350 Gm., and examination showed dilatation 
and hypertrophy of the left ventricle. 

Case 18 (Bergstrand 20 ). — A woman, 50 years of age, died of influenzal pneu- 
monia. The previous symptoms and blood pressure were not known. The heart 
vveighed 500 Gm. 

D. Cases with Paroxysmal Hypertension; Tumor not Diagnosed as Clnomaffin 
Cell Tumor; Chromate Stain Not Done. — Case 19 (C. H. May'O-^). A woman, 
30 y'ears of age, had attacks of dy'spnea, palpitation, tachy'cardia, tightness in tie 


15. Zeckwer, I. T.: Chromaffin Cell Tumor of the Adrenal Medulla (Para- 
ganglioma), Boston M. & S. J. 193:254 (Aug. 6) 1925. ^ 

16. Handschin, E. : Zur Kenntnis der Zuckerkandl’schen Organe, ei r. 

path. Anat. u. z. allg. Path. 79:728 (April 16) 1928. v 1 n 

17. Wichels, P., and Biebl, M.: Zur Diagnose der Paragangliome der i\c c - 
nieren, Miinchen. med. Wchnschr. 75:656 (April 13) 1928. 

18. Labbe, M.; Tinel, J., and Doumer; Crises solaires et hypertension paroxy^^ 
tique en rapport avec une tumeur surrenale. Bull, et mem. Soc. med. • lop- 

Paris 46:982 (June 29) 1922. . _rAm1 

19. Labbe, M.; Azerad, E., and Violle, P. L.: Adenome medullairyu^^^^,^ 
et hypertension paroxystique. Bull, et mem. Soc. med. d. hop. de aris 

(July 8) 1929. • pj^art, 

20. Bergstrand, H. : Suprarenal Tumor with Hypertrophy o ic 
Hygiea 82:321 (May 31) 1920. 

21. Mayo, C. H. ; Paroxysmal Hypertension with Tumor of etropc 
Nerve, J. A. M. A. 89:1047 (Sept. 24) 1927. 
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clicst, hcadnchc and voniiliiif:, with a rise o{ hlood i)rL-ssurc from 130 systolic and 
82 diastolic to 300+ systolic and 180 diastolic, pallor, sweating, frothy, bloody 
sputum and signs of pulmonary edema. .\ tumor was removed surgically, which 
brought relief from the attacks. Pathologic e.xamination revealed the tumor to 
be a malignant blastoma. 

Cask 20 (Porter and Porter "-). — .\ man, 39 years of age, had attacks in which 
he felt “terrible” ; he experienced an unpleasant sensation in the epigastrium, and 
his color was ashen. The systolic blood pressure would rise from 110 to 200 or 
more, with a slow (about 55), forcible heart beat. Surgical removal of the tumor 
brought relief of the symptoms. Pathologic e.xamination revealed a suprarenal 
adenocarcinoma and suprarenal hypernephroma. 

CO.M MI'.XT 

Of the ten cases yielding a jtositivc clironiate stain, nine showed evi- 
dence of ht’pertension. In six cases (5, 6. 7, S. 9 and 10) there were 
recorded systolic blood pressures of 200 mm. of mercury or over. In 
another (case 3) a “considerable elevation’’ of the blood pressure was 
described, and at autopsy there was “extraordinarily marked hyper- 
trophy” of the heart, especially of the left ventricle. In two other cases 
(2 and 4) with unrecorded blood pressure, the weights of the hearts 
were 460 and 445 Gm., respectively. In one (case 1) the symp- 
tomatology and blood pressure are not known, but the heart weighed 
only 225 Gm. 

Of three cases in which the chromate fixation was not done, the two 
reported by Labbe and his co-workers (16 and 17) showed character- 
istic paroxysms of hypertension. The hearts were moderately hyper- 
trophied, weighing 340 and 350 Gm., respectively. In the third case 
(18) the blood pressure was not known, but the heart weighed 500 Gm. 

There were five cases in which a diagnosis of chromaffin cell tumor 
was made despite a negative chromate stain. In some the failure of 
the stain was explained by delay in obtaining and fixing the specimen 
(in our case the chromate stain was well marked in tissue which had 
stood unfixed, at room temperature, for twenty-four hours). In two 
of these five cases (11 and 15) hypertensions of 230 systolic and 140 
diastolic and 225 systolic and 130 diastolic, respectively, were recorded. 
In the third (case 12) there is no information regarding blood pressure 
or the size of the heart, but the attacks of suffocation from which the 
patient suffered are suggestive of paroxysmal hypertension. In two 
cases (13 and 14) there is no evidence of hypertension or cardiac hyper- 
trophy in the reported findings. 

Therefore, in all except three of twenty cases, there was either 
known hypertension or indirect evidence of it. In two of the three cases 

22. Porter, M. F., and Porter, M. F., Jr.: Report of a Case of Paroxysmal 
Hypertension Cured by the Removal of an Adrenal Tumor, Surg., Gvnec. 8c 
Obst. 50:160 (Jan.) 1930. 
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willioul evidence of hyiiertension. the diromate stain was negative. AVe 
siig-gest tliat this may liavc been because of insufficient differentiation of 
the cells, and tliat for tlie same reason the cells ma}' not have attained 
their function of secretion of epinephrine. 

I'lypertension alone would not serve to identify these cases clinically. 
But in six of the cases previoush' reported (6, 9, 16, 17, 19 and 20) 
and in our case it occurred in paroxysms with a fairly constant set of 
symjjtoms suggestive of a sudden large dosage of epinephrine. During 
the attach the j^atient complained of coldness of the extremities, pre- 
cordial oppression, palpitation, dyspnea, headache, tremors and fre- 
quentl}' nausea and vomiting. There were marked pallor and sweating. 
The blood pressure rose to an extreme]}' liigh level, with the systolic 
rate frecpiently over 300 mm. of mercury. Both tachycardia and a slow 
forceful heart beat were noted. Frothy, blood-stained sputum with 
signs of pulmonary edema occurred a number of times. The attacks in 
two cases were thought to be initiated by exercise or by assuming cer- 
tain positions. In the others they occurred without apparent inciting 
cause. The duration of an attack was from one to several hours. 
Between attacks the patient was usually asymptomatic, and the blood 
pressure was commonly normal, although in two cases it was usually 
observed to remain moderately elevated. This may have been due to 
insufficiently frequent and improperly timed determinations. Albumi- 
nuria and glycosuria occurred irregularly in some cases. 

In the other cases the reported clinical data are inadequate to 
identify such paroxysms. In six of them some symptom was noted 
Avhich is more or less suggestive of the occurrence of paroxysms. In 
case 4 there was frequent bloody sputum suggestive of the attacks o 
pulmonar}' edema which have been noted. The patient in case 5 
repeated attacks of semiconsciousness; the sweats and attacks of faint 
ness in case 8 and the attacks of suffocation in case 12 are reminiscent 
of the symptoms descidbed in recognized paroxysms. The patient m 
case 10 had recurring convulsions for three months, while in case 
the patient had headaches and attacks of unconsciousness with biting o 
the tongue. The elevation of blood pressure may be so extreme in 
cases that hypertensive encephalopathy would not be surprising- 

It is possible that the paroxysmal nature of the hypertension 
overlooked in cases in which it could have been demonstrated b} 
complete observations. Unless the recognition of the syinptoins < 
to such observations or unless frequent blood pressure determinatio^^- 
are made at the right times it can be readily overlooked. This is 
demonstrated by figure 2 which shows daily routine determinations ^ 
blood pressure over a period of twenty-two days made in our 
somewhat similar curve of blood pressures, showing usually n 
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to severe hypertension is cliarted for case 16. It will remain for future 
observations to determine how common the parov.xsmal hypertensive 
syndrome is in cases of chromaffin cell tumor. Its recognition seems 
to offer the only possibility of diagnosis and cure of this condition. 

In addition to the two cases in which the diagnosis was not 
chromaflin cell tumor, hut which were included in the list because of the 
characteristic paroxysmal hypertensive syndrome, there have been other 
reports of suprarenal cortical cell tumors which were associated w'ith 
hypertension. Oppenheimer and Fishherg collected nine such cases 
and added two of their own: a clinical case (with sc.xtial precocity) and 
one coming to autopsy. .V jiriori. these arc difficult to understand. No 
pressor substance is known to be elaborated by the suprarenal cortex. 
One might speculate on the possibility of mechanical stimulation of the 
medulla by such tumors, causing an abnormal secretion of epinephrine. 
This, however, has not been observed in the not infrequent metastatic 
carcinoma of the suprarenal glands. Herde ‘ in 1912 warned against 
the danger of a wrong diagnosis. Speaking of the chromaffin cell 
tumors, he said : “All these tumors have in common a rather uniform 
alveolar structure. The alveoli ai-e generally separated by narrow con- 
nective tissue septums, often only by capillaries, so that pictures result 
which have great similarity to Gravitz’ hypernephroma.” Dr. C. V. 
Weller. in the routine pathologic examination of the specimen from our 
case, noted its resemblance to cortical tumor. It could readily have been 
diagnosed as such save for the chromate staining. In none of the cases 
collected by Oppenheimer and Fishberg was the use of the chromate 
stain reported. It would seem impossible to accept as proved such cases 
in which the chromate stain is not used. 

The cases of cortical tumor with sexual precocit}'' as well as hyperten- 
sion are more difficult to dispose of. There were three such cases in 
the series collected and reported b}' Oppenheimer and Fishberg. How- 
ever, Dr. C. V. Weller said that sexual precocity has been seen not onl}" 
in primary cortical cell tumor but also in metastatic neoplasms of other 
types invading the suprarenal glands. It would seem that judgment on 
these cases also must be withheld pending further observations with the 
chromate stain. 

Paroxysmal hypertension has been reported in a few cases in which 
other conditions than chromaffin cell tumors have been present. 
Weber reported a case of subacute meningococcic meningitis in which 

23. Oppenheimer, B. S.. and Fishberg, A. ^I. : The Association of Hyper- 
tension with Suprarenal Tumors. Arch. Int. Med. 34:631 (Nov.) 1924. 

24. Weller, C. Y. \ Personal communication to the authors. 

25. Weber, C. : L’hypertension arterielle paro.xystique au cours d’une menin- 
gite meningococcique subaigue. autopsie. Arch. d. mal. du cceur 20:598 (Sept) 
1927. 



ARCHIVES OF SURGERY 


IHS 

(Iictc wcic iiKirkcd paroxysms of lij'pertcnsion. Harvier and Bariety"'’ 
ohseivcd a case in whicli paroxysms of hypertension were associated 
witii a carcinoma of the esophagus and were attributed to vagus irrita- 
tion, Another similar case is that of Villaret and his co-workers with 
a h’lnpliosarcoma of tiie mediastinum. C. Aubertin reported several 
cases of angina pectoris and of rheumatic heart disease associated with 
mild paroxj'sms of h3'pertcnsion. Plowever, these cases showed obvious 
jrathologic processes and usually did not have associated with the 
paroxysms of hypertension symptoms simulating the clinical s3'ndroine 
noted in the cases of chromaffin cell tumor. They should seldom be 
cause for confusion. 

SUMMARY AND CONCLUSIONS 

A new case of parox3'smal hy'pertension with chromaffin cell tumor 
which was relieved by operation has been presented and the literature 
reviewed. 

Hypertension has been a feature in most of the reported cases of 
chromaffin cell tumor. In five of those previously' reported, as in our 
case, it occurred in paroxysms with a clinically recognizable symptoma- 
tology. In others, some symptoms suggestive of such paroxysms have 
been noted. Subsequent observations may show the paroxysmal hyper- 
tensive sy'iidrome to be a more constant characteristic than previous 
reports demonstrate. 

Hypertension has also been noted in cases with a diagnosis of tumor 
of the suprarenal cortex. Chromaffin cell tumors may simulate coitical 
tumors so closely in histologic appearance that diagnoses which are not 
confirmed by chromate staining must be questioned until substantiated 
by subsequent cases in which chromate fixation is practiced. 

26. Harvier, P., and Bariety, M.: Forme laryngee du cancer de J’cesopliagc. 
Crises h)^persensitives d’origine laryngee, Bull, et mem. Soc. med. d. hop. e an. 
49:176 (Feb. 6) 1925. 

27. Villaret, M.; Bloch, S.; Bariety, M., and Lappas: Crises 

paroxystiques an cours d’un lymphosarcome du mediastin superieur, Bu • et me 
Soc. med. d. hop. de Paris 50:1215 (July 9) 1926. ^ 

28. Aubertin, C. : Hypertension paroxystique et cedeme aigu du poumon, u 
et mem. Soc. med, d, hop. de Paris 52:1768 (Dec. 20) 1928, Lhjperens 
paroxystique dans I'angine de poitrine, J. med. frang. 16:49 (Feb.) 
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In the four .'ind one-h:ilf year period between July 1, 1928, and 
Dec. 31. 1932, 3.271 appendectomies were performed at the Koster 
Clinic; 4 appendixes showed tuhcrciilosis. 'Tuherculosis of the appendix 
is one of the more rare manifestations of infection with the Koch 
bacillus in the human body. Corbin,* in 1837, was the first to observe 
such a case. In 1838, Hallowcl - reported a death from peritonitis due to 
perforation of a tuberculous appendix. Following these observations 
a number of reports on tuberculosis of the appendix, cecum or both 
appeared at intervals. Koch’s discovery of the tubercle bacillus, in 1882 , 
greatly increased the impetus to the study of tuberculosis generally, and 
subsequently observations on this subject were reported more fre- 
quently. However, it was not until 1909, when Muller ® published his 
excellent monograph on tuberculosis of the appendix, that any definitely 
collective statistical stud)' was made. He collected 66 instances. In 1 
case the patient died as a direct result of the operation, while in 
others patients died within a few months following the operation. In 
fact, in only 8 cases were the patients reported cured. In 1917, Scott * 
was able to find but 44 articles on the subject, 9 of which had been 
contributed by physicians of the United States. Since 1917, 39 articles 
have been written on tuberculosis of the appendix or on tuberculosis 
of both the appendix and the cecum or adnexa. 

The late John B. Deaver considered tuberculosis of the appendix 
a ver)' rare disease, while Lockwood of England and the late John B. 
Murphy believed that 2 per cent of all diseased appendixes are tuber- 
culous. They also believed that if enlarged mesenteric glands are found 
the infection with the Koch bacillus is primary in the appendix. The 
frequency of tuberculosis of the appendix found at operation is given 
in table 1. 

The frequency of tuberculosis of the appendix found at necropsy, 
according to Muller,^ is given in table 2. 

From the Koster Clinic, Crown Heights Hospital. 

1. Corbin, M. ; Gaz. med., Paris 5:639, 1837. 

2. Hallowel, E. : Am. J. M. Sc. 22:127, 1838. 

3. Muller, G. P. : Univ. Pennsylvania Bull. 22:48, 1909-1910. 

4. Scott, J. R. : Ann. Surg. 66:648, 1917. 
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Accoidiiig to Nochren and Mueller,'’ of 515 appendixes which came 
under observation in the State Institute for the Study of Malignant 
Disease in Buffalo, 23, or 4.4 per cent, were tuberculous. 

Muller ^ stated that the disease is more common in males than in 
females, the ratio being 3 : 2. In our series of 4 cases 2 of the patients 
were males, and 2 were females. Most of the cases reported in the 
literature occurred in young adults. The l 3 anphoid tissue in the appendix 
of the }’Oung adult is more abundant and the mucous membrane more 
delicate. Heller,® in a series of autopsies, found intestinal tuberculosis 
in 12 per cent of the adults and 26 per cent of the children. Hueppe® 


T.\di.k 1. — Frequency of Tuberculosis of flic Ajif'cndix Found at Operation 


Surgeons or In.stitution 

Year 

Number of 
Operations 

Number of 

Tuberculous 

Appcndl-xcs 

Percent .age 

Fitz 

ISSC 

2.37 

S 

5.0 

Robson 

1G02 

300 

5 

1.7 

Lctullc 

1905 

300 

2 

0.7 

iUaj-o 

im 

l.SSS 

29 

1.5 

Surgicnl Laboratory, University of Penn- 
sylvania 

1909 

310 

6 

2.0 

Denver 

1902-1913 

7,010 

16 

0/2 

Allen 

1909 

SO 

2 

2.S 

jJIontreal General Hospital 

im 

32,00;! 

"i 

3 

0.5 

0.1 

0..) 

Mayo 

1914 

1,259 

Scott 

1917 

179 

1 

University of Minnesota Hospital 

1916-3919 

210 


o.y 

Free Hospital for Women, Ilrookline, 
Mass 

3802-1932 

7,SG3 

0 

0.1 

(I.I 

Kostor Clinic 

192S-19.32 

3.271 

4 

Table 2. — Frequency of Tuberculosis of the Appendix 

Found at Necropsy 


Xumber of 


Pathologist or Institution Autopsies 

Fenwick and Dodwell 2,000 

Leseur 500 

Kelly 3,7(0 

White 50 


Number of 
Tuberculous 
Appendixes 


Percentage 


17 

144 

44 

33 


0.8* 

2’.0 

1.2 

59.0 


* Primary tuberculosis of the appendix. 


stated that the number of cases of primary intestinal tuberculosis mat 
be reckoned as between 25 and 35 per cent of all cases of tubejeu osis 
in children which end in death. While Fenwick and Dodwell 
the ileocecal region involved in 85 per cent of their autopsies on ' 
patients with phthisis, in only 9.6 per cent was it the sole scat o 
disease. , , 

Eisendrath,® in 1908, reported 51 instances of tuberculosis o 
appendix which he had collected from the literature and added o 

5. Noehren, A. H., and Mueller, T. : Surg., Gynec. & Obst- 

6. Quoted by Ravenel, M. P.; Proc. Path. Soc. Philadelphia 10:/3, U o 

7. Fenwick, W. S., and Dodwell, P. R. : Lancet 2:133, 1892. ^ ^ ^ 

S. Eisendrath, D. E". : The Acute Forms of .Abdominal Tubercu on-. 

M. A. 52:291 (Jan. 23) 1909. 
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own. In 1909, Alnllcr-'' reviewed the literature and found 60 ca.se.s 
reported : he added 6 otlier.s that came under his ol)servation. Scott,' 
in 1917. re]iorled 68 cases recorded in the literature and added 1 of 
his own. bringing the total nunilier of cases to 69, but he did not men- 
tion Porter’s” case, reported in 1913, and Wilkins’ 2 authentie cases, 
reported in 1917, which we include in our review. Since then there 
have been no collected statistics on tuberculosis of the appendix. We 
have reviewed the literature and have collected all the authentic instances 
of tuberculosis of the appendix from 1917 to the present. We have 
not included any case clinically diagnosed as tuberculosis of the appendix 
in which an appendectomy was not performed and the appendix 
examined histologically. Cases of miliary tuberculosis with generalized 
involvement of all the organs, including the appendix, are not included. 

RKPORT OF CASES 

The cases reported were as follows : 

Porter (1913).” — .-\ woman, aged 28, complained of pain in the right lower 
quadrant of the abdomen. Examination revealed pulmonary tuberculosis and a 
tender mass in the right lower quadrant of the abdomen. Laparotomy showed a 
mass made up of the ileum, cecum and adherent omentum. Resection of the 
terminal part of the ileum, of the cecum and a part of the ascending colon and 
ileocolic anastomosis were performed. The pathologic report was : ulcerative 
ileocecal tuberculosis, with involvement of the appendix. The patient was dis- 
charged from the hospital, but died five months later of bronchopneumonia. 

Wilkins (1917)'®. — Case 1. — man, aged 26, complained of recurrent attacks 
of abdominal pain. E.xamination revealed tenderness and a small fixed mass in 
the right lower quadrant. At laparotomy a small curled-up appendi.x covered with 
omentum and adherent to the lateral wall of the pelvis was found. When the 
adhesions were separated a small amount of pus was found. There was no involve- 
ment of the cecum or h'mphatic glands. Pathologic examination revealed tubercu- 
losis of the appendix. The patient made a good recovery and was well to the 
time of the report. There was no pulmonary tuberculosis. 

Case 2. — .A woman, aged 31, complained of frequent shooting pains in the right 
lower quadrant of the abdomen. E.xamination revealed tenderness near McBurney’s 
point, with a small fixed mass near the right anterosuperior spine. Laparotomy 
revealed a small curled-up appendix adherent to the parietal peritoneum, covered 
with omental adhesions which, when separated, revealed a few drops of pus. The 
cecum and lymphatic glands appeared normal. The pathologic report was ; tuber- 
culosis of the appendix. There were no signs in the lungs. The patient was well 
following the operation to the time of the author’s writing. 

Case 3. — The author described a third case but the specimen was lost. 

Emmert (1918)". — A farmer complained of attacks of pain in the right lower 
quadrant of the abdomen, resembling appendicitis. He had pain in the right side 
on the least jarring. A roentgenogram of the chest revealed pulmonary tubercu- 


9. Porter, AI. F. : J. Indiana State M. -A. 6:113, 1913. 

10. Wilkins. G. C. : Tr. Xew Hampshire Af. Soc. 126:80, 1917. 

11. Emmert, AL; Nebraska AI. J. 3:62, 1918. 
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iosis. Tfio appciKlix was removed, and the patient recovered and was well there- 
after. A pathologic report showed that the appendix was tuberculous. 

Gatewood (1920) — A man, aged 39, complained of recurrent attacks of 
j)ain in the right lower ciuadrant of the abdomen. Examination of the chest gave 
negative findings. A mass was suspected in the right lower quadrant; there were 
tenderness and rigiditj' on deep palpation. Laparotomy revealed that the omentum 
and ileum were hound down to the appendix and cecum. The cecum felt infiltrated. 
Appendcctoni}' was performed. The pathologic diagnosis was: hyperplastic tuber- 
culosis of the appendix. 

Warwick (1920)^^. — Case 1. — A man, aged 26, complained of recurring, almost 
daily, attacks of pain in the right lower quadrant of the abdomen, associated with 
diarrhea. Examination revealed apical tuberculosis and tenderness in the right 
lower quadrant. Appendectomy was performed, and the patient recovered. The 
pathologic report showed an ulcerative t 3 'pe of tuberculosis of the appendi-v. The 
patient was readmitted to the hospital seven months later with generalized anasarca 
and died seventeen daj's later. Postmortem e.xamination revealed general edema, 
hydrothorax, ascites, thrombosis of the right internal jugular and subclavian veins, 
chronic adhesive pericarditis with marked dilatation of the right ventricle and 
tuberculosis of the intestines and the apexes of the lungs. 

Case 2. — A woman, aged 29, complained of attacks of pain in the right lower 
quadrant of the abdomen. Active pulmonary tuberculosis was present, with positive 
sputum. There vvere tenderness and rigidity in the right lower quadrant. Para- 
rotomy revealed that both the cecum and the appendi.x were markedly thickened 
and surrounded by closely adherent omentum. The appendix was removed, an 
the patient made an uneventful recover}'. The pathologic report shorved an ulcera- 
tive type of tuberculosis of the appendix. 

Case 3 (from St. Joseph’s Hospital). — A man, aged 37, complained of pain in 
the right lower quadrant of the abdomen. The family and personal history nere 
negative for tuberculosis. Laparotomy revealed a long appendix, which was lar 
and stiff, and numerous granulations scattered over the area. The cecum was 
normal. The patient recovered. The pathologic report w’as : hyperplastic tu er 
culosis of the appendix. 

Beck (1920)^*. — A woman, aged 22, complained of general weakne^ and lo^^ 
of W'eight. Examination revealed a normal heart and normal lungs. wre 
nothing abnormal in the abdomen, but vaginal examination reveale sa P'”® 
oophoritis, which was diagnosed as tuberculosis of the adnexa. 
revealed that the middle portion of the appendix had sloughed out. wr£ 
tubercles over the tip of the appendix and on the tubes and 'V''” ' 

involved secondarily. The appendix and adne.xa w'ere removed. e bercti- 
recovered rapidly under roentgen treatment. The pathologic report was. u 

Iosis of the appendix and adnexa. . . .gugr,- 

Noehren and Mueller (1922 )^. — A woman, aged 31, with active 
tuberculosis, complained of pain in the right lower quadrant o t le ^ 
Examination revealed tenderness and a mass in the right low'er qua rant, 
orny revealed a swollen, congested appendix, with some injection cecum 

peritoneum. No signs of tuberculosis were visible grossly in the mtes in 
and peritoneum. The tubes and ovaries were normal. The appen ix was 


12. Gatewood, G. : S. Clin., Chicago 4,;809, 1920. 

13. Warwick, M. : Ann. Surg. 71:139, 1920. 

14. Beck, C. : S. Clin., Chicago 4:1263, 1920. 
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Tlic paticnl made an mievciUlul reenvery and was discliargcd on llic ninlli day 
following the operation. Tlic pathologic report was: Inherculosis of the aiipendix, 
with nctite exacerbation. 

Perrin and Dunel (1922 )’'’. — .\ girl, aged 15}-^ years, complained of pain in 
the right lower quadrant of the alidomen. There was no iiistory of tniiercidosis 
in the family. Examination rcve.aled tenderness in the right lower (ptadrant, witli 
some voluntary rigidity. Pelvic examination revealed a mass in the right side. 
Laparotomy revealed a sltort, very wide appendix. The other abdominal contents 
were normal. Tlic appcndi.x was removed. Isccovcry was uneventful. The 
pathologic report was; hyperplastic tnlicrcnlosis of the appendix, with acute inflam- 
mation and aliscess formation. 

Razzaboni (1925) — C.ssr. 1. — youth, aged 17, complained of abdominal 
cramps and alternating periods of constipati<in and diarrhea Examination of the 
lungs revealed tuberculosis ; the abdomen was di.stendcd and fluid was palpable. A 
diagnosis of tuberculous peritonitis witli ascites was made. Laparotomy revealed a 
large amount of fluid. .A mass was found in the lower part of the abdomen on the 
right, made up of the cecum and appendix covered with tubercles. The appendi.x was 
10 cm. long and felt hard. The author was sure that this was a hyperplastic type 
of tuberculosis of the appendix. The abdomen was closed in layers without 
removal of the appendix, and the patient made an uneventful recovery. 

Case 2. — A man, aged .58, complained of a mass in the lower part of the 
abdomen on the right, which was becoming rapidly larger. Examination revealed 
apical tuberculosis on the left side. The alKlomcn was enlarged, and there was a 
large inguinoscrotal hernia on the right side. A diagnosis of tuberculous peri- 
tonitis, with concomitant right inguinoscrotal hernia, was made. Laparotomy 
revealed a large hernial sac containing the small intestine, cecum and appendix 
covered with tubercles. The appendix was thick and firm, and Razzaboni believed 
the condition to be due to a hyperplastic tuberculous process. A Bassini operation 
nas performed, and the patient was discharged after spending a short time in the 
hospital. Shortly after, tuberculous meningitis developed, and the patient died. 
Permission for necropsy was not obtained. 

Coley (1928) ^ man, aged 23, complained of pain in the right lower quad- 

rant of the abdomen, of four months’ duration. Examination revealed apical tuber- 
culosis on the right and tenderness, rigidity and a palpable mass in the right lower 
quadrant of the abdomen. Laparatomy revealed a mass consisting of the cecum, 
appendix and omentum and enclosing an abscess cavity containing ll4 ounces 
n ° The appendi.x was thickened and covered with fibrin. Near 

e cavity a pouchlike diverticulum of the terminal ileum was found, the distal 
portion of which had a hemorrhagic appearance. The remainder of the abdomen 
Was normal. The appendix and diverticulum were removed, and the abdomen was 
tamed. The pathologic diagnosis was ; tuberculosis of the appendix, with acute 
suppurative periappendicitis and tuberculous diverticulum of the ileum. The patient 
"as transferred to the ward for tuberculosis on the twenty-first day and died of 
u monary and enteric tuberculosis two months after operation. 

Corvese (1925) — A woman, aged 21, complained of amenorrhea, but examina- 

n resulted in a tentative diagnosis of tuberculous peritonitis. About five months 

15. Perrin, £., and Dunet, C.; Presse med. 30:809, 1922. 

Id- Razzaboni, G.: Riforma med. 41:965, 1925. 

T h l-olcy, 15. L. : Tuberculosis of Meckel’s Diverticulum Associated with 
Appendix, Arch. Surg. 11:519 (Oct.) 1925. 

Corvese, A.; Rhode Island IM. J. 8:125, 1925. 
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ngiditv m the right lower ctnadram of die^ b^” ” 

Laparotomy reverded n large Loxmt of sern f "^a^ked distention, 

"■as gangrenous and adherent and had an abs^f^’V" ‘he appendix 

performed, and drainage was instituted TI f * ^ ^PP^^dectomy was 

day but drainage continued for seven moxxths Th 

an acute superimposed inflammation. appendix w-as tuberculous, with 

losis, complained of abdomijm!'' nahr^vbVh'^'*^ suffered from pulmonary tubercu- 
was severe. Examination revealrn * ! ^ 

revealed a long appendix covered umbilicus. Laparotomy 

There was no evidence of nntf congestion of the cecum, 

patient made an uneventful rccoverv'*" TheTaV"l abdomen. The 

inflamm'alioir 

thelpSiriunffftCi^fl ''T"’ pregnant, complained of pain in 

of the pyloric can Ton '’omitmg. Roentgen examination showed deformity 

possible app . Sis ^ 

months law s! 1; . o attacks. Five 

laparotomy was perfomid ’ Alf tr^bd 

appendicular -.nd i • A 1 the abdominal viscera were normal except the 
reTo" ed The T The appendix was 

St lunl' duEnJT of the apex of the 

pletelv disannea ^ P''0ffoancj' and shortly after the operation, but this had corn- 

confirmed tb t i*”^^ months after the operation. Microscopic examination 
confirmed the tuberculous condition of the appendix. 

in tUfi ‘complained of repeated attacks of pain 

was nerfnr d^ ' " V ^ localized in the right lower quadrant. Laparotomy 

to bavp T ^^26, and nothing abnormal was found. She continued 

pffpr r, ^ ° P3mi aod a diagnosis of adne.xal disease was made. Five months 

arnfnm^'^f revealed large tender adnexa on the right side. Lap- 

fermi ^ ^ 's time disclosed tuberculosis of the fallopian tubes, ovaries, cecum, 

^ ileum and the appendix. Both fallopian tubes and the right 
sinii ^ The appendix was not removed, because of the dense adhe- 

down close!)' to the cecum. The patient made an uneventful 

t h • f Pathologic report on the fallopian tubes and right ovary showed 

tuberculous infection. 


^ glcl, aged 19, complained of abdominal pain which recurred 
rre^u ar intervals. Examination revealed chronic pulmonary' congestion and a 
r mass over the appendix. Laparotomy revealed a large, thick but short 
PP i.x, with tuberculous granulations. The appendix vv'as remov'ed. The patient 
recovered and was well two years later. 

Pfeiffer and Smyth (1928) ^s, — j\ woman, aged 26, complained oi marked diar- 
a an oss of weight. There was a history' of pulmonary tuberculosis, which had 
een very activ'e. Examination led to a diagnosis of colitis of unknown 

19. Popper, H.: Wien. med. )Vchnschr. 79:478, 1929, 

- . \ ergely', J. ; j_ jg Bordeaux 57:20, 1927. 

-1. Molfino, A. H.: Semana med. 1:1554, 1927. 

Tcrcra, A.: Med. ibera 2:125, 1927. 

20. Pfeiffer, D. B., and Smyth, C. M., Jr.; S. Clin. North America 8:877, 
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origin. Cccostoiny was performed througli a McRnrney incision. The appendix 
was found lo i)c red, tliick and studded witli tubercles, and a small amount of 
clear straw-colored fluid was found in the abdomen. There was also a mass about 
the size of a small lemon in the cecum near the base of the appendix. The appendix 
was removed. The pathologic report was tuberculosis. Postoperativcly the patient 
was treated with irrigations of silver nitrate through a catheter sewed into the 
cecum. She also had treatment with ultraviolet rays and general care for eighteen 
months. She gained -15 pounds (20.4 Kg.), her weight increasing from 60 to 
105 pounds (from 27.2 to 47.6 Kg.). Closure of the cecum was performed. No 
evidence of tuberculosis was found intra-abdominally, and the mass in the cecum 
had disappeared. The patient made an uneventful recovery. 

Vargas (1929) -*. — A boy, aged 11 years, complained of attacks of pain in the 
right lower ciuadrant of the abdomen. These attacks recurred ses'eral times until 
he had a very severe attack, and he was brought to the hospital. The Pirquet 
reaction was positive. Laparotomy revealed an appendi.x studded with tubercles 
and bound down to the cecum. There was inflammation of the appendi.x, which 
also involved the cecum. No lesions of the intestines or peritoneum were found. 
The patient made an uneventful recovery. The pathologic report was tuberculosis 
of the appendix. 

Askey (1929 )-‘. — A man, aged 27, complained of sudden pain in the lower part 
of the abdomen on the right, accompanied by nausea. Three days later, on seeing 
a physician, he was told that the condition was appendicitis. He continued to have 
pain in the right side for the next two months. At the end of this time examination 
revealed a tender, movable mass in the right lower quadrant. Laparotomy revealed 
a swollen appendix, with a small perforation near the base through which a grass 
stalk protruded. The cecum and the rest of the abdomen were normal. The 
patient made an uneventful recovery. The pathologic report was; tuberculosis of 
the appendix. Examination showed a normal heart and normal lungs. 

Bloch and Mayer (1929) — A woman, aged 31, complained of sterility and 
scanty menstrual periods for the past two years. Examination revealed a retro- 
verted uterus. Laparotomy revealed miliary tubercles covering the adnexa, the 
ileocecal region and the appendix. The peritoneum and the rest of the abdomen 
were normal. The appendix was removed. The postoperative course was unevent- 
ful. The physician did not remove the involved adnexa because he believed that 
the seat of the tuberculous process was already in the abdomen and that the 
operation might disseminate the bacilli or cause the process to flare up. 

P. Muller (1929) — A woman, aged 25, complained of recurring attacks of 

pain, which were especially marked in the right lower quadrant of the abdomen. 
Examination of the chest gave negative findings. There was tenderness on the 
right side of the abdomen. Pelvic examination revealed tender, slightly enlarged 
adnexa. Laparotomy showed adhesions of the uterus to the sigmoid and rectum. 
The ovaries were adherent to the broad ligament and the pelvic brim. The appendix 
was atrophied at the tip and broad at the base. Hysterectomy and appendectomy 
were performed. The pathologic report was: tuberculosis of the adnexa and 
appendix. The patient made an uneventful recoverv. 

24. Vargas, LI.; Vida nueva 23:207, 1929. 

25. Askey, J. M.; California & West. Med. 30:46, 1929. 

26. Bloch, J. C., and Mayer. M. : Bull. Soc. d’obst. et de gynec. 18:321. 1929. 

27. LIuller. P. : Bull, et Soc. de chir. de Paris 21:259. 1929. 
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I^Iasoii (1929)-*'.— A man. aged 23, complained of pains in flie lower part of 
(lie ■iliclomcn on tlic right and vomiting. Examination revealed pulmonar}’ tuber- 
culosis and tenderness in the right lower quadrant of the abdomen. Laparotomy 
revealed a long coiled and inflamed appendix, which was removed. The remainder 
of the abdomen was normal, except for enlarged lymphatic glands at the ileocecal 
angle. Pathologic examination revealed tuberculous appendicitis, with acute 
inflainination. The patient was later transferred to a sanatorium. 

de Almeida Prado (1930)-”. — A youth, aged 18, was admitted to the hospital, 
complaining of pain in the abdomen, rectal tenderness and loss of weight. Exam- 
ination revealed tliat the lieart and lungs were normal ; the abdomen was distended 
and tender. Roentgen examination revealed adhesions between the sigmoid and 
the appendix. Laparotomy' revealed chronic tuberculous appendicitis and cicatricial 
mesosiginoiditis. Postoperative!}' the patient was given general treatment and 
ultraviolet irradiation. 


Robles (1930)””. — A girl, aged 17, who suffered from pulmonary tuberculosis 
and who was being treated by artificial pneumothorax, complained of severe pain 
in the right side of the abdomen. Appendectomy was performed. She made an 
uneventful recovery and was discharged from the hospital within eleven days. The 
pathologic report was; tuberculosis of the appendix. 


Carnelli (1931)”i. — A man, aged 27, complained of pain in the abdomen, with 
alternating periods of constipation and diarrhea. Examination of the chest gave 
normal findings. The abdomen was distended and was tender and rigid on the 
right side, with a suggestion of a mass. Laparotomy revealed a long, inflamed 
appendix studded with tubercles, with free fluid in the peritoneal cavity. The rest 
of the abdomen showed no abnormality. The appendix was removed. Recovery 
was uneventful, and the patient was well after three years. The pathologic report 
was ; primary hypertrophic tuberculosis of the appendix. 

Stiles (1931)S2.— A youth, aged 19, complained of pain in the right lower 
quadrant of the abdomen, with nausea, which began two days prior to admission 
to the hospital. Examination revealed tenderness, rigidity and a palpable mass 
in the right lower quadrant. Laparotomy revealed an inflammatory mass on t le 
right side, made up of omentum wrapped around the inflamed cecum. The appen 
was not visualized. Resection of the entire ileocecal region and ileocolic anastomo^ 
sis were performed. The postoperative course was uneventful. The pat io og ^ 
report indicated hyperplastic tuberculosis of the appendix and cecum. oen g 
examination of the chest gave negative findings for tuberculosis. 

Sanguily Quintana (1931)®”. — A woman, aged 29, complained of a 
of heaviness in the abdomen, difficult defecation, leukorrhea and loss ^ 
Examination of the apex of the left lung revealed tuberculosis and a 
tender abdomen. Pain was especially marked over McBurney s point. 
examination revealed a retroverted uterus and tender adnexa. Laparotomj^^^ 
performed, and a Baldy-Webster suspension of the uterus was done, as 
salpingectomy and appendectomy. Pathologic examination showe tiue 
appendicitis. 


28. Mason, G. A.: Newcastle M. J, 9:122, 1929. e.-jit 1030 

29. de Almeida Prado, A.: Ann. Fac. de med. de Sao . 

30. Robles, A. A.: Rev. Soc. de med. int. y Soc. de tisiol. Gia?/, IV” • 

31. Carnelli, R. ; Arch. ital. di chir. 30:158, 1931. 

32. Stiles, C. D., Jr.: South. M. J. Z4:958, 1931. 

33. Sanguily Quintana, J.: Vida nueva 28:209, 1931. 
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Finzi (1932)3^.— A man, aged 2-1, was operated on for appendicitis in August, 
1927. The postoperative course was uneventful. Two years later the patient 
returned with a palpable mass in the right side of the abdomen. Laparotomy 
revealed ileocecal tuberculosis. Ilcocecocolic resection and lateral ileotransversos- 
tomv were performed. The patient made an uneventful recover}'. Pathologic 
examination confirmed the diagnosis of ileocecal tuberculosis, and on careful study 
of the appendix removed two years previously hypertrophic tuberculosis was found. 

Primal'}' tuberculosis of the appendix must be very rare. While its 
existence cannot be denied theoretically, so far as we know, there is 
only 1 case on record (Beck”) in which, after the patient died subse- 
quent to removal of a tuberculous appendix, autopsy failed to reveal any 
other tuberculous lesion, with exception of involvement of the lymph 
nodes in the ileocecal region. However, a latent microscopic or old 
healed focus or a microscopic lesion in the lymph nodes might have 
been overlooked. In this connection, an appendix removed either as a 
routine or by design and found to be tuberculous only after microscopic 
examination may afford the first information as to the presence of this 
disease in the body and the patient subsequently may show other lesions. 
With this in mind, the following case is offered : 

Kostcr Clinic. — Case 1. — E. H., a woman, aged 23, was admitted to the hospital 
on Oct. 9, 1931, complaining of pain in the lower right quadrant of the abdomen. 

Six years before admission she began to have dull pains in the right lower 
quadrant of the abdomen. These pains were intermittent but not severe and con- 
tinued until two weeks before admission, when they began to be severe and 
cramplike. They radiated to the lower part of the back and the right thigh and 
were aggravated if the patient walked or rested her weight on the right side. The 
patient also had a white, watery vaginal discharge and nausea when these pains 
became more severe. Menstruation had been regular ; the patient had begun to 
menstruate at the age of 13 ; the periods occurred every twenty-eight days and 
lasted four days. Three months before admission a physician inserted a hard 
rubber pessary for the retroversion of the uterus. The past history and family 
history were negative. The patient was not married. 

Physical examination revealed a young white adult female, well nourished and 
well developed, who did not appear acutely ill. The head and neck were normal. 
There was equal expansion on both sides of the chest, the lungs were clear, and 
the breath sounds were normal. The heart sounds were regular, and there were 
no murmurs. 

There was some tenderness in the right lower quadrant of the abdomen, espe- 
cially over McBurney’s point, radiating to the epigastrium. There was slight 
tenderness in the left lower quadrant. No spasticity or masses were palpable in the 
abdomen. Murphy’s sign was absent. The extremities and the reflexes were 
normal. 

Rectal examination revealed a relroverted uterus and some tenderness on the 
right side. No masses were palpable. The temperature was 99 F. ; the pulse rate 
was 90 and the respiratory rate 22 per minute. 

The laboratory reported that the urine showed a trace of albumin, but no sugar, 
and a few white blood cells microscopically. The hemoglobin was 82 per cent' 

3-1. Finzi, O.: Roll, e mem. Soc. piemoniese di chir. 2:986, 1932. 
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The reel blood cells miinbercd 4,300,000 per cubic millimeter; the white blood cells. 
10,800, with 70 per cent pol.vmorphoniiclcars, 16 per cent Ij'mpliocytes and 12 per 
cent monocytes. 

A diagnosis of chronic appendicitis and retroverted uterus was made. 

1 he next day laparotom}' was performed under spina! anesthesia. The liver 
was ptosed to the level of tlie umbilicus; the gallbladder and stomach appeared 
normal. The uterus was retroverted, and the appendix, which was bulbous, was 
bound down by firm adhesions to the cecum. There were a few fine adhesions in 
the posterior culdesac ; these were cut. A Simpson-Gilliam suspension of the 
uterus and appendectom}- were performed. The abdomen was closed in layers. 

The patient made an uneventful recovery. Microscopic examination of the 
appcndi.x showed tuberculosis. Roentgenologic study of the chest revealed no signs 
of tuberculosis. The patient was discharged on October 21. 


From an operative and clinical standpoint, this case is one of primary 
tuberculosis of the appendix. To the time of writing the patient has not 
presented any other evidence of a tuberculous lesion. Beck,^'* in 1920, 
reported a case of tuberculosis of the appendix with extension to tlie 
fallojDian tubes and the ovaries, in which there were no other abdominal 
or pulmonary signs of tuberculosis. He reported this case as one of 
primary tuberculosis of the appendix. 

The following two cases are clinically typical of acute appendicitis: 


Case 2. — M. A., a girl, aged 17, was admitted to the hospital on June 26, 1931, 
complaining of pain in the lower part of the abdomen on the right and nausea. 

The illness began three days prior to admission, when she was seized with 
generalized abdominal cramps. She w'as nauseated at the time of admission but 
did not vomit. About tweutj'-four hours after the onset the pain became localizec 
in the lower part of the abdomen on the right. 

The family history was negative, except that the brother of the patients at icr 
had active pulmonary tuberculosis. The patient had had scarlet fever, nicas cs, 
whooping cough and influenza. Tonsillectomy was performed in 1926. Menstrua 
tion began at the age of 13; the periods occurred every twenty-eight da>s an 
lasted three days. . . 

The patient appeared acuteh' ill. The chest showed equal expansion on 
sides. The breath sounds were normal, and no rales w'ere heard. The heart 
were regular, with no murmurs. There were tenderness and rigidity m 1 
lower part of the abdomen; these were more marked in the right lower 
Tenderness on release of pressure in the left lower quadrant was referre 
right lower quadrant. Murphy’s sign was absent. 

Rectal examination revealed a tender mass high on the right side. 

E-xamination of the urine gave negative results. The red blood ^ s .^Ybitc 
bered 4,000,000 per cubic millimeter, with hemoglobin 86 per cent. 
blood cells totaled 13,400, with 84 per cent polymorphonuclears an 

cent lymphocytes. performed 

A diagnosis of appendicular abscess was made. Laparotomy was ^^.gllcd 
under spinal anesthesia. An acutely inflamed abscessed appendix was oun 
off by omentum and by the cecum and ileum. The diameter of t ie ‘‘1’^ . 

the base w'as IJl inches (2,8 cm.), while the length was 3 inc les ^ 

Appendectom}’ wms performed. A cigaret drain was inserted to t le pe 
the abdomen was closed in layers. 
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The patient made an uneventful recovery. The wound drained profusely for 
about nine days, then healed rapidly. 

The pathologic report was; tuberculosis of the appendix, with acute purulent 
inflammation. A roentgenologic study of the chest revealed no signs of tubercu- 
losis. The patient was discharged on July 12. 

Askev,--' in 1929, reported a case in which a diagnosis of appendicttlar 
abscess tvas made. Laparotomy revealed a walled-off appendicular 
abscess tvith a perforation at the tip containing a grass stalk. Microscopic 
examination revealed tuberculosis of the appendix. 

Similarly, in our case we had no idea that we were dealing with 
primary tuberculosis of the appendix until microscopic examination 
revealed it. The next case reported is similar : 

Case 3. — J. R., a hoy, aged 14, was admitted to the hospital on Sept. 27, 1930, 
complaining of pain in the lower part of the abdomen on the right, with nausea 
and vomiting. 

The illness began the day before admission, when the patient was suddenly 
seized with generalized abdominal cramps. He also became nauseated and vom- 
ited three times. The same night the pain became localized in the right lower 
part of the abdomen. 

The family history was negative. The patient had measles when he was 6 
years old. He stated that he had had some uneasiness in the lower part of the 
abdomen on the right during the month prior to admission. He appeared to be 
acutely ill. The chest revealed equal expansion on both sides. The lungs were 
clear, and no abnormal sounds were heard. The heart sounds were regular, and 
there were no murmurs. 

There were tenderness and rigidity in the right lower quadrant of the abdomen. 
No tenderness on rebound was present. There was no Murphy’s sign. Rectal 
examination gave negative results, except for some tenderness on the right side. 
The extremities and the reflexes were normal. The temperature was 100 F. ; the 
pulse rate was 112 and the respiratory rate 20 per minute. Examination of the 
urine gave negative results. 

The red blood cell count was 4,600,000, with hemoglobin 92 per cent. The 
white blood cells totaled 14,000, with 82 per cent polymorphonuclears and 18 per 
cent lymphocytes. 

A diagnosis of acute appendicitis was made. Laparotomy was performed under 
spinal anesthesia; it revealed acute suppurative appendicitis. The appendix was 
bound down by adhesions to the cecum and covered by lightly adherent omentum. 
.\ppendectomy was performed. The postoperative course was uneventful. The 
temperature, pulse rate and respirations were normal within forty-eight hours 
after operation and remained so until the patient’s discharge from the hospital on 
October 8. few days prior to his discharge, following a pathologic report of 
tuberculosis of the appendix, roentgenologic study of the chest revealed no pul- 
monary involvement. 

Since in cases 2 and 3 there was no clinical or roentgenographic evidence of 
tuberculosis nor any signs of tuberculosis within the peritoneal cavity visible to 
the surgeon, the condition in both these cases might be considered, from a clinical 
standiioint at least, as primary appendicular tuberculosis, bearing in mind that at 
some future date a lesion may appear that was not demonstrable at the time of 
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J he foiiith case is one of frank pulmonary tuberculosis complicated 
by tuberculosis of the appendix. 

Cask •4.— H. L., aged 31, was admitted to tlie hospital on May 30, 1930, com- 
plaining of pain in the right lower quadrant of the abdomen. Three weeks piior 
to admission he began to have sharp cramplike pains in the lower part of the 
abdomen on the right, which did not radiate anj’where but remained localized in 
that area. Ihe pains became worse until the day of admission, when they were 
so severe that the patient was unable to walk. 

The chest ])resented equal expansion on both sides. The breath sounds in 
both apexes were bronchovesicnlar, and a few snberepitant rales were heard. 
The heart beat was regular, and no mnrmnrs were present. There was tender- 
ness in the right lower quadrant of the abdomen, which was more marked over 
McBurney’s jjoint. There was no rigidity and no mass was palpable. Murphy 
and psoas signs were not present. No tenderness on release of pressure was 
present. Rectal examination gave negative results. The temperature was 99 F. ; 
the pulse rate was 98 and the re.spiratory rate 20 per minute. 

Laboratory reports revealed negative results of urinalysis, except for a faint 
trace of albumin. The red blood cell count was 5,450,000, with hemoglobin 100 
per cent. There were 10,150 white blood cells, with 72 per cent polymorpho- 
nuclears, 24 per cent lymphocytes and 4 per cent monocytes. 

A diagnosis of subacute appendicitis and pulmonary tuberculosis was made. 

Laparotomy was performed under spinal anesthesia. An acutely inflamed 
appendix was found bound down to the lateral pelvic wall by firm adhesions and 
covered with omentum. The ileum was loosely adherent to the base of the 
appendix. The other abdominal viscera appeared normal. Appendectomy was 
performed without drainage. On the second postoperative day the patient began 
to cough up a frothy, blood-stained sputum. His temperature was 100.4 F. , the 
pulse rate was 96 and the respiratory rate 22 per minute. E.xamination of the 
chest revealed dulness in the apc.x of both lungs and fine subcrepitant rales. Bot i 
bases w'ere clear. The iic.xt day the patient had typical prune juice sputum aiu 
was coughing moderately. His temperature rose to 102.2 F., with a pulse rate 
of 120, but respirations remained at 22 per minute. The .sputum was ncgati\c 
for tubercle bacilli. 

The patient’s condition seemed fair until the ninth da}' after the operatioin 
when he coughed so hard that his wound opened and a small loop of ileum va.^ 
eviscerated. This was replaced in the abdomen, and the wound was tightly strappe 
with adhesive tape. The ne.xt day the patient’s condition appeared to be 
Examination of the chest revealed many moist rales, with bronchial and 
vesicular breathing from the apex to the base of the lung on the right sk e 
from the apex to the inferior angle of the scapula on the left. 

The base of the left lung showed flatness and absence of breath and ^ 
sounds — all evidence of effusion. The heart w'as enlarged to the left a)Out 
outside the inidclavicular line. The sounds were of poor quamj. -■ 
of the sputum showed Bacillus tuberculosis. Unquestionabb', the 
at this time was acute tuberculous pneumonia. The patient s condition 
progressively worse, and death occurred on July 12 at 1:50 p. m. 

The pathologic report on the condition ot the appciuiix \\« 
tuberculosis.” 
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COMMENT 

From a pathologic standpoint, the lesions confined to the appendix 
ma}’ be divided into two types; (1) the ulcerative and (2) the hyper- 
plastic. The former is by far the more common. Grossly, the appear- 
ance of the appendix may vary from that of a seemingly normal organ 
with perhaps slight congestion of the superficial capillaries to that of an 
organ showing all the signs of actively acute inflammation. The walls 
may be slightly thickened, and the serosa may show small tubercles or 
even a thin plastic exudate on the surface. Gross ulceration of the 
mucosa may occur, resulting in a greater or lesser loss of substance. 



Fig. 1. — Section of the wall of the appendix with a thin mucosa without folds. 
The serosa is slightly thickened. There are some adhesions, which show some 
nodular aggregation of granulation tissue with a lighter center. Low power 
magnification. 

The base of an ulceration may show extensive caseous material. In 
other cases the floor of the ulcer may show minute grayish tubercles. 
The ulceration of the mucosa may e.xtend into and through the sub- 
mucosa and in some instances even through the muscular coat to such 
an extent that nothing may be left of the latter, the remainder of the 
wall being only serosa. In the event that attempts at healing are success- 
ful. the ulcerative surfaces become adherent, and the organ becomes 
cither strictured or obliterated. ^Microscopically, the mucosa and sub- 
mucosa show the most extensive involvement, although, as has been said 
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I)cfoic, the musculature may also suiter considerable', the lesion appear- 
ing in the form of discrete tubercles or extensive ulcerations and 
necrosis, evith the characteristic epithelioid and giant cells around an 
area of caseation. In the earlier stages the ulceration is more likely to 
occur either at the tip or at the base of the organ. If the ulceration 
becomes advanced it may even extend through the serosa, with resultant 
[perforation, following which aiw of the sequelae of perforative appendi- 
citis may develop. 

The hyperplastic type of tuberculous appendicitis is much more rare. 
It is characterized by a very large appendix noth a thickened wall, 



Fig. 2.— Serosa of tlie appendix, sJiowing granulation tissue extending si'sl'tb' 
to the outer muscular coat. The granulation tissue encloses groups o epi 
cells and several giant cells of the Langerhans type. 

marked proliferation of connective tissue and complete or rciat 
absence of caseation. The walls become markedly increasec m * 
ness, and occasionally the organ may become so large as to le [ta pa ^ 
through the abdominal wall, in which event it may be mista 'cn 
neoplasm. The hyperplasia of the connective tissue and the contrac^^^^ 
which it undergoes may not be entirely uniform, causing 
in the shape of the organ. The walls become rigid, and the 
show a tendency toward obliteration, '\^d^ile. on ^suiterhcia e-' 
nation it may be mistaken for a neoplasm, the differentiation 
not be difficult on close inspection. 




Fig. 3. — Hj-perplastic mucosa with large follicles and unusually large secondary 
follicles. The submucosa and part of the muscularis is substituted by granulation 
tissue. There are numerous nodules which consist of epithelioid cells and which 
stain lighter than the adjacent area infiltrated with round cells. 

cecuni. Some authors, including ^Mayo, have gone so far as to state 
tliat it is practically always associated with the same infection in the 
latter. Then. too. most observers have had the experience of finding 
ileocecal or intestinal tuberculosis frequently, with no involvement of 
the appendix. These two findings suggest that the appendix is usually 
secondarily infected. It must be remembered, however, that whether 
the local infection occurs by extension or by the hematogenous route 
the bacilli may be disseminated along the alimentary tract in manv 
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places, with maii\- foci developing simultaneously and yet with different 
degrees of rapidity. In addition to the obvious method of entrance of 
tubercle bacilli into the intestinal tract by the swallowing of contami- 
nated sputum, there is also the possibilit}'^ of the entrance of the organ- 
ism in contaminated food. This includes not only infected milk but also 
infected butter and cheese. The latter t3-pe of infection is one expla- 
nation for the possible occurrence of primary tuberculosis (Schroeder 
and Cotton Regarding the other means by which the appendix 
may become infected, namel}^ by wa}" of the peritoneum, the lymph 
stream and the blood stream, little can be said. That infection by such 
routes is theoretical!}- possible cannot be denied, but evidence in favor 
of the transmission of the bacilli by these routes is not strong. 

Clinically, the disease may manifest itself in two forms, the acute 
and the chronic. In the acute form differentiation from acute 
appendicitis of the ordinary variety is almost impossible. It may. of 
course, be suspected when the syndrome of acute appendicitis occurs 
in a patient who alread}' has well developed tuberculous lesions elsewhere 
in the body, but in the absence of such a history there are no signs by 
means of which the tuberculous type of acute appendicitis can be differ- 
entiated from any other form. In the chronic form, which is far more 
frequently encountered, tuberculosis elsewhere in the body, a history 
of occasional attacks of diarrhea, the recognition of a mass in the region 
of the appendix without symptoms of abscess and, in children, hard 
muscular tumors in the abdomen which are not fecal masses are all signs 
which, in the presence of the ordinary symptoms of chronic appendicitis, 
might point to the tuberculous nature of the lesion. One other form 
of tuberculosis of the appendix is encountered clinically, namely, the 
latent form, in which the appendix which has been removed as a routine 
during the course of some other operation is found to be tuberculous 
on histologic examination. This type may never cause any S3unptoms. 

White,^® in a sei'ies of autopsies, noted several instances of acute 
and chronic tuberculous disease of the appendix in persons who had 
never shown any signs of appendicular disease during life. The general 
signs of the chronic variet}'^ of tuberculous appendicitis include a chai- 
acteristic rise in temperature in the afternoon, with slight acceleration of 
the pulse rate, perhaps slight loss of weight and, in some instances, 
nocturnal perspiration. The chronicit}'- is extreme, but there ma} be 
interruptions of acute exacerbations. Between these acute flare-ups 
there is a vague sense of discomfort in the right lower quadrant of t ic 
abdomen, with some tenderness. The clinical diagnosis should be sii^ 
gested in the face of a historv of chronic appendicitis with which there 
is associated a progressive loss of weight, rise in temperature m t le 

35. Schroeder, E. C., and Cotton, \V. E., quoted by Eiscndratli.' ^ 

36. tVhite, J. : .Ann. Rep. Henry Phipps Institute, 1906-1907 and 190/- 
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afternoon, noctiinital jterspiralion and occasional attacks of diaiihca. 
The literature since Chiller's = article contains little of value regarding 
the prognosis in tuberculous appendicitis. In only 8 of the 66 cases 
which he reviewed was it reported definitely that the patient was cured, 
hut the report of these cures is of little value since the patients were 
followed for only a few months after operation. Muller noted that in 
3 cases, one. two and three years, respectively, elapsed before death 
occurred from pulmonary tuberculosis. Ten patients were recorded as 
still suffering from some form of tuberculosis at the time of the rejiort. 
One patient is said to have died as a direct result of the operation. 
Fifteen others died a short time after operation, and the final result is 
not stated in the remaining cases. If the disease is ])rimary and if the 
operation is performed before secondary involvement occurs, there 
should be hope of a cure. Secondary tuberculosis of the appendix 
offers a poorer prognosis, especially when following pulmonary involve- 
ment and in the presence of a coincidental lesion. However, in one of 
Pauchet's cases, in which the appendix was removed because of pain 
over the region, at which time the peritoneum was found to be studded 
with tubercles and the appendix also involved, laparotomy for incisional 
hernia performed some time later revealed a normal appearance of 
the peritoneum. 

Pfeiffer and Smyth’s case, which is abstracted in this article, also 
showed complete disappearance of tuberculous lesions in the abdomen 
eighteen months after appendectomy and cecostomy at the time when 
the cecostomy opening was closed. 

Regarding the treatment, little need be said. If the condition is 
acute, the appendix should be remor’ed immediately, even in the presence 
of complicating pulmonary disease, under some form of anesthesia 
other than inhalation narcosis. The anesthesia of choice is the spinal. 
In the chronic type of the disease the condition of the lungs should 
determine the advisability of surgical intervention. 

SUMMARY AND CONCLUSION 

Up to December, 1917, 89 cases of tuberculosis of the appendix had 
been reported in the literature by Scott.^ Three other cases before 1917 
that were not included in the report are given in this article, followed 
by a complete abstract of 31 authentic cases reported from 1917 to the 
time of writing. To this number we have added 4 cases of our own 
which we found in 3,271 consecutive appendectomies. In 3 of our cases 
the condition was apparently primary tuberculosis of the appendix; in 
the fourth there was coexisting pulmonary tuberculosis. This article 
brings the total number of authentic cases of tuberculous appendixes 
reported in the literature to the end of 1932 up to 127. 


37. Pauchet, quoted Petit, il. : These de Paris, 1905, p. 71. 



hemorrhage and shock as causes of death 

- VMisG ACUTE PORTAL OBSTRUCTION 


ROBERT ELMAN, M.D. 

AND 

WARREN H. COLE, M.D. 

ST. LOUIS 

>Althoiigh Jt lias been known for nearly a century that acute obstruc- 
011 of the porta! vein, such as that produced by ligation or that occa- 
r n ^ ^ occuiiing thiough thrombosis after biliaiy operations, is alivaj's 
o lowed m a short time by death, no satisfactory explanation of the fatal 
outcome las been offered. The first demonstration of the phenomenon 
IS atti i uted to Oie,^ who, in 1856 , discovered that ligation of the portal 
^ein in rabbits lesulted in the death of the animals in a short time, It 
is interesting tiiat Claude Bernard - at one time admitted a complete 
ina 11 ity to offei an explanation, but several years later “ expressed the 
tieoi} that exsanguination. by stasis of blood in the intestinal tract, 
with a consequent fatal anemia might account for death. However, he 
ofifeied^no pi oof of that supposition, nor was he aware that Tappen- 

heimei * had previousl}^ reported experiments which tended to disprove 
the idea. 

In an effort to e.xplain the cause of death following ligation of the 
poital vein we resorted to many different types of e.xperiments. 


EXPERIMENTAL PROCEDURES AND FINDINGS 

Adult cats or clogs were anesthetized with ether or sodium amytnl (about 
5 mg. per kilogram of body weight, given intravenously), the abdonien was 
opened, and the portal vein was e.xposed at the liilus of the liver and ligated. 
Most of the animals were starved for from eighteen to twenty-four hours, but 
some were not. When blood pressure readings were taken, either the carotid or 
the femoral artery w'as connected with a mercury manometer and a continuous 


From the Department of Surgery^ Washington University School of Medi- 
cine and Barnes Hospital. 

1. Ore, quoted by Neuhof.-' 

Bernard, Claude: Legons sur Ics proprietes pbysiologicjncs ct Ics altera- 
tions pathologiques des liquides de I’organisme, Paris, J. B. Bailliere ct fils, 
IS58, vol. 2, p. 196. 

3. Bernard, Claude ; Lecons sur le diabete et la glvcogcncse aninialc, Paris, 
J. B. Bailliere et fils, 1877, p. 316. 

4. Tappcnheimcr, H. ; Ueber den Zvstnnd des Blut.stroins nach Unterlniiduuv 
der Pfortacic/r, Arb. a. d. Physiol. Anstalt, Leipzig 7:11, 187.3. 
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tracing was ol)taineil. Our csi)crimcnts may licst he <lcscril)c<l liy coiisitlerinn 
them in separate groups ; 

1. General Ohserralians.— YUc behavior of animals and the pathologic changes 
occurring as a result of ligation of the [wrlal vein are eonslanl and have been 
carefully described by Xeuliof •' and others. W’c oliservcd few symptoms or 
signs which could not be e.xplaincd on a basis of shock due to Itemorritage. The 
animal recovers slowly, if at all, from the cfTects of the anesthetic. It it regains 
consciousness, it appears to be desperately ill at all times anti takes no interest 
in its surroundings. H.vtrcme weakness is constantly tdtserved ; in fact it is so 
marked that the animal is compelled to maintain a rccumitcnt position Iteiorc it 
loses consciousness. The mucous membranes of the mouth arc very pale. The 
pulse is of poor volume and tachycardia is usually present. Kespiration may be 
variable, hut the increased dei>tb with rapid rate typical of air hunger resulting 
from hemorrhage is frequently seen. The blood prc.ssurc falls sharply within a 


B ? 
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Chart 1. — Blood pressure tracings of four dogs following ligation (Lig.) of 
the porta! vein (P. V.), showing the sharp drop to “shock” level and death. In 
the lowest curve the ligature was cut in an effort to revive the animal, but this 
was done after irremediable changes had taken place. 

few minutes after ligation and gradually decreases until death (chart 1). In a 
series of nineteen dogs on which portal ligation was performed the average dura- 
tion of life was si.xty-six minutes (table 1). The variations observed in the 
duration of life of starved or nonstarved animals, whether given ether or sodium 
amytal intravenously as an anesthetic, are so slight that they are probably of 
no significance. However, if the ligature is not placed high enough (i. e., 
proximally) to include the coronary and pancreaticoduodenal veins, or if the 
ligature is not absolutely tight, the duration of life may be prolonged considerably. 
At autopsy tbe spleen and the entire intestinal tract including the stomach, small 
bowel and large bowel are cyanotic, edematous and engorged with blood. The 
spleen is enlarged from three to six times. The serosa of the intestine loses 
its luster, but definite gangrene is not present. The wall of the intestine is firm 

5. Neuhof, Harold: Experimental Ligation of the Portal Vein: Its Appli- 
cation to the Treatment of Suppurative Pylephlebitis, Surg., Gynec. & Obst 
16:-181, 1913. 
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and tliickcnecl and microscopically is filled witi: red Wood cells. The omentum and 
niesciiterj' arc likewise edematous. Numerous superficial and deep hemorrhages 
are encountered in the organs mentioned. Occasionally small amounts of bloody 
fluid are found in the lumen of the stomach and intestine. Scott and Wangen- 
steen " noted that there is a considerable loss of blood and fluid into long loops 
of intestine expcrimentalh’ strangulated. In some instances this loss is of suffi- 
cient magnitude to cause death. 

2. 7 o.vicity of the Blood and Lymph . — In a series of si.x dogs the thoracic 
duct was dissected and intubated, and lymph was collected for a control period 
before ligation of the portal vein and then afterward until the animal died. Just 
before death, samples of systemic blood and blood from the portal vein behind 
the ligature were also collected. Clotting was prevented by the use of sodium 
o.xalate (10 mg. to 10 cc.). The clear plasma was then injected into 
guinea-pigs and white mice intraperitoneallj' in doses up to 3 cc. per hundred 
grams of weight. Without describing in detail these experiments it was apparent 

Table 1. — Duration of Life FoUozving Ligation of the Portal Vein 


19 Dogs C 


JEther Anesthesia .Anij-tal .Anesthesia Ether Anesthesia 

_ _ A - * — 


r ~ 

starved 

90 inin. 

00 min. 

60 min. 

35 min. 

55 min. 

140 min. 

80 min. 

^ r 

Not Starved 

45 min. 

60 min. 

100 min. 

Starved 

95 min. 

95 min. 

45 min. 

35 min. 

50 min. 

35 min. 

Not Starved 

05 min. 

30 min. 

55 min. 

starved 

CO min. 

60 min. 

35 min. 

65 min. 

60 min. 

Not Star^-cd 

60 rain. 

Average* 74 min. 

OS min. 

60 min. 

57 min. 

56 min. 

60 rain. 


* The average for all the dogs was 66 minutes. 


that none of the injected material proved toxic; and when it was, tliere was no 
essential difference over the controls. 

3. Increase in Weight of the Splanchnic Area . — Another series of dogs and 
cats was operated on in pairs, one serving as a control, the other dying 
one hour after ligation of the portal vein, at which time the control was u c 
The entire gastro-intestinal tract was removed from each and weighed to cter 
mine how much blood was lost in the splanchnic area. These experiments lare 
been reported previously,’’ and it need only be mentioned here that the increas^ 
in weight of the stomach, intestine and spleen in the animals with occ usion 
the portal vein — due presumably to the entrapped blood is great enoug i 
account for the fatal outcome on the basis of loss of blood from the s}sen^^ 
circulation alone. Thus in the dogs this loss of blood, as shown bj t le 
weight of the gastro-intestinal tract, is 5.2 per cent of the body weigit, m 

6. Scott, H. G., and Wangensteen, O. H. : Blood Losses in 

Intestinal Strangulations and Their Relationship to Degree of Shoe ■ aiu 
Proc. Soc. E.xper. Biol. & Med. 29:748. 1932. . Death 

7. Elman, Robert, and Cole, W. H. : Loss of Blood as a 1912. 

from Acute Portal Obstruction, Proc. Soc, Exper. Biol. & ^fecl. 
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it is 0.4 per cent. These fipures cscccti the amount of I)!ooti nccc.ssary to cause 
death by hcmorrliagc aVonc.'^ 

4. llffccis oj TransItmiiii.—'ilfioTls to coinljal los.s of blood, or more correctly 
loss of fluid, after liRation of the portal vein alino.st alway.s re.sult in the pro- 
longation of the life of the animal. As would he expected, the most cfTicient 
procedure is the transfusion of blood. For a limited time the intravenous injec- 
tion of physiologic solution of sodium chloride is cfhcicirl in raising the low- 
blood pressure. Injection of a solution of acacia produces a greater improve- 
ment, but the effect is i>oorly sustained. One must emphasize the fact, however, 
that even when transfusion of blood is used to combat the shock following the 
ligation it must be given before the animal becomes moribund. It is a fact well 
known in clinical experience that supportive measures to combat the shock of 
hemorrhage must he instituted shortly after shock ensues in order to prevent a 
high mortality. In the present experiments (table 2), for example, after ligation 
of the portal vein the average duration of life of si.x consecutive animals, which 


Table 2. — Effect oj Trausjusioit of Blood on “Shock" Following Ligation of 

the Portal Vein 




Weight ol 

Duration 

.Amount ot 


Kuraber 

Animal 

ol Lite 

Blood, Cc. 

Flow ol blood not constant. . 

1 

2.7 Kg. 

2 hrs., 15 min. 

275 


2 

•I.O Kg. 

2 hrs., 15 min. 

5oO 


3 

8.0 Kg. 

3 hrs,, 30 min. 

S50 


4 

12.0 Kg. 

3 hrs.* 

1,100 


3 

C.O Kg. 

1 hr. 

200 


C 

2.4 Kg. 

2 hrs., 20 min. 

450 

Average duration ot life, 

2 hours, 23 

minutes 



Flow constant, maintaining 

7 

S.S Kg. 

7 hrs.* 

1,050 

the blood pressure above the 

S 

8.7 Kg. 

3 hrs., SO min. 

1,490 

critical level of from 50 to 

9 

3.C Kg. 

5 hrs. 

D30 

60 mm. 

10 

5.4 Kg. 

7 hrs., SO min.* 

1,250 


-Average duration of life, c hours. 15 minutes 


' The animal lived an unknoim length of time beyond the figure specified. 

were given a transfusion carelessly with an inconstant flow of blood, could be 
prolonged only to two hours and twenty-three minutes. We noted moreover, 
that if the blood pressure had been in the shock level for a half hour or more, 
and transfusion was neglected until the blood pressure fell below the critical 
level (say 40 mm. of mercury) even for a few minutes, w-e could not prevent 
death in spite of the transfusion of large quantities of blood. Similarly, 
if the ligature of the portal vein were cut too late, recovery could not occur 
(chart 1, lowest curve). Apparently certain vital organs such as the brain per- 
haps suffer irremediable damage after the blood pressure drops below a certain 
level even for a short time. On the other hand if the flow of blood during trans- 
fusion is maintained constantly, beginning fifteen or twenty minutes after ligation 
of the vein, thus preventing a fall of pressure below a critical level, life can be 
maintained for many hours (average, six hours and fifteen minutes -k), as is 
illustrated by the last four consecutive animals in table 2. Two of these animals 
were still alive tvhen last seen seven hours and seven hours and one-half, respec- 

8. Johnson, G. S., and Blalock, A.: Experimental Shock: IX. Study of 
Effects of Loss of Whole Blood, of Blood Plasma and of Red Blood Cells, Arch. 
Surg. 22:626 (April) 1931. 
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lively after tlic ligation. (Tliis experiment is graphically represented in chart 2.) 
hroni the standpoint of these experiments it is of no particular interest how 
much longer than seven hours an animal will live following ligation of the portal 
vein, because, by that time the factor of gangrene of the intestine enters as a 
complication. Invariably, when a considerable amount of blood is transfused into 
the animal following ligation of the portal vein, mucosal as well as serosal hem- 
orrhages will occur and bloody fluid will be found in variable quantities in the 
lumen of the intestine and stomach and the peritoneal cavity. Quantities of 
blood}' fluid will be passed by rectum. The rapid loss of blood in this manner, 
aided by the early effects of gangrene, probably explains the inability to keep 
these animals alive for twenty-four hours or longer. After intestinal hemor- 
rhages are manifested to any considerable extent, death usually follows in a 
short time. Hemorrhage is probably aided by the fact that no tendencies to 

clotting are exhibited in the blood trapped behind the ligature. Tschernikoff ® 
and his associates called attention to the delayed clotting time in the blood trapped 
in the portal system behind the ligature. In contrast, Krymholz had pre- 
viously noted a shortened clotting time of the systemic blood after ligation of 
the portal vein, especially as the animal approached death. Other observers 
have noted similarly that following extensive hemorrhage the systemic blood 


BP 

too 

50 


JOctB 

1.13 


-H0Dcc.Blood 


5dcc.h 



5OCC.B 




I)cg35-5.4Kg. 12 05 

M9-33 Aioytal anes 




60S 


Tbtoilef 1250 ce.Blood 


16-17 25 '627 

Lived 7’/s hrs -h 
Wtoireesom 
Wt .Laver 23DGm. 


Chart 2. — Blood pressure tracing of one experiment mentioned in table 2. The 
usual fall in blood pressure is shown after ligation (Lig.) of the portal vein. 
Fifteen minutes later 50 cc. of blood was given, resulting in a sharp elevation. 
In all, 1,100 cc. of blood was giv'en, with prolongation of life to over seven and a 
half hours. Compare this with the inevitable death in one hour when no trans ti 
sion is given (chart 1). G.I.T. indicates the gastro-intestinal tract. 


clots much faster, and indeed it seems probable that the mechanisni is t le same 
in both cases. It appears to be a way nature has of aiding in stopping t ic 
leak” by the formation of a clot more rapidly. 

5. Ligation of Splanchnic Arteries . — When we discovered that the durat’ 
of life following ligation of the portal vein could be markedly increased } tr. 
fusion of blood, it seemed logical to assume that shock following ligation c 
be more readily prevented if at least some of the arteries supplying t ic^^p 
system were ligated simultaneously with the portal vein. According}, 


9. Tschernikoff, A. IL] Malinjuk, W. W.; Jakubovitsch, M. 
taroff, M. C. ; Zur Unterbindung der V. Portae, Arch. f. d. gcs. Ph}sio. 


1931. 


10. Krymholz, M. L. : Experimenteller Beitrag zur Frage der 

der Pfortader (Einwirkung auf Druck und Gcrinnungsverniogen ( cs 

Ztschr. f. d. ges. exper. Med. 67:319, 1929. . 'r-.me oi 

11. Gray, H., and Lunt, L. K. : Factors Affecting the Coagukihon 
the Blood: V. The Effects of Hemorrhage, Am. J. Physiol. 34:33-, 
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occasions \vc ligated the superior iiicsfiiteric, inferior inesenteric. gastric and 
splenic arteries sitmiltaneously with the iv)rtal \-ein. With transfusion of a 
small amount of lilood one animal was alive when last seen at the end of six 
hours, and tfre otl\er died at the cud of six ami one-half hours. - The amount of 
hlood required to maintain a hlood pressure compalihle witli life was 15 and 
l(i ce. per kiloKram of body weight per hour, respectively, which, ns will he 
noted in table 2. is less than one half as much hlood as that required by the 
last four animals, which were given transfusions after ligntif)n of tlie portal vein 
alone. The last four dogs with ligation of the vein alone required as much as 
26. 3S. 52 and 32 cc. of hlood per kilogram of body weight i)cr hour. .Since 
some of the animals lived longer than the six or seven hour period of observa- 
tion. it might seem difficult to draw conclusions ns to the speed of progression 
of "shock.” This is of course a source of error, hut was the same in each series 
of animals, since one half of each group lived beyond the final hour of observa- 
tion. The marked difference in the amount of hlood rctpiired must therefore he 
very significant. In other words, when a large portion of the systemic hlood is 

T.\m.r. 3. — Ligation of the Aorta Alone f.lhoi’c the Celiac .Ixis) as Coinf^arcd 
7oitJi Sininltaneons Ligation of the Aorta loith the Portal J'ein 


Dogs 

Duration ol Life 


Cats 

Duration of I.ife 

Ligation of 
Aorta Alone 

Ligation of Aorta 
with Portal Vein 

Ligation of 
Aorta Alone 

I.iuiitlon of .tortii 
M itii Portal Vein 

0 IlTS.** 

?> hrs., IT) min. 

.) firs., mfn. 

3 hrs., 10 rnin. 

r. hrs.* 

4 lirs.t 1.1 inin. 

1 fir., 4r> mfn. 

.'i hrs., -1.) mill. 

.'> lirs. 
r> hrs. 

3 hrs. 

4 lirs. 
c hrs, 
G hr.s. 

, .-i inin. 

, Ti mill. 

, .10 mill. 

lir.s., ns min. 

4 hrs., 20 min. 

4 lir.s., I.") inin. 

4 (ir«., no min. 

Average 4 hrs., min. 

4 !»rs., IS mill. 

Tj hrs. 


4 lirs,, 10 min. 

* The anfinal livcfl an 

unknoan length of time 

licyond 

tlie flRurc 

siiccifled. 


prevented from entering the portal system by ligation of some of the arteries 
supplying it, it is much easier to keep the animal alive after ligation of the portal 
vein. This appears to be added evidence that the shock is due to hemorrhage 
and not to the production or absorption of toxic products. 

^^^e made no attempt to ligate all the arteries supplying the portal system, 
knowing that it would probably be impossible to find them, but more important, 
because the vessels beyond the ligature would probably be filled anyway through 
the many anastomotic channels. The presence of significant anastomotic vessels 
is supported and probably proved by Solowieff^^ who discovered that if the 
superior mesenteric, gastrosplenic and portal veins were ligated singly, at inter- 
vals of five or six days, the animal would not die. These results were verified 
by Neuhof.f^ Similarly, the slowly stenosing type of thrombosis of the portal 
vein seen clinically in hepatic cirrhosis fails to produce death, thereby adding- 
support to the assumption that anastomotic vessels will form if the obstruction 
is not complete and is not produced instantaneously. 

12. Solowieff, Alexander; Veranderungen in der Leber unter dem Einflusse 
kiinstlicher Yerstopfung der Pfortader, Virchows Arch. f. path Anat 62-195 
1875. ’ ■ ■ ' 



1172 


ARClIIVns OP SURGERY 


6. Luiation of the A nr la. —Kwowwg tliat ligation of the aorta above the celiac 
axis would proiiahly prevent entirely the loss of blood into the splanchnic area 
tra]>i>ed hy the pr>rial ligature, we performed a series of such experiments in 
dogs as well as cals. As can be seen in table 3, the average duration of life is 
••dmosl the same in the dogs with ligation cjf the aorta alone as it is in dogs with 
.siimillaneou.s ligation of the aorta and portal vein, i. c., four hours and thirty-two 
minutes and four hours and eighteen minutes, respectively. The duration of life 
ol cats with simultaneous ligation of the aorta and portal vein was fifty minutes 
shorter than the duration of life in cats Avith ligation of the aorta alone. Tracings 
of blood ()rcssure taken on several dogs for at least an hour after simultaneous 
ligation of the aorta and jvartal vein failed to reveal a semblance of the drop 
whicli invariably follows ligation of the portal vein alone (chart 3). If the shock 
of ligation of the portal vein was due to toxic factors originating in the splanchnic 
area the animals should die practically as soon after simultaneous ligation of 
the aorta and portal vein as after ligation of the portal A'ein alone. That they 
lived soA'cral hours longer is obviously due to the fact that ligation of the aorta 
prevents the accumulation of blood in the portal system behind the ligature and 
tiuts prevents its conseciucnt loss to the general circulation. 



Amytal anes 

Chart 3. — Blood pressure tracing obtained after the simultaneous ligation of 
the aorta and the portal vein, showing the absence of a drop which accompanies 
ligation of the portal vein alone (chart 1). The increased pressure is characteristic 
of ligation of the aorta. 

Lest it be suggested that the presence of blood under pressure in the portal 
sj'stem is a factor in the possible production of a toxin, we conducted some 
experiments in Avhich, in addition to ligation of the aorta and portal vein, A\e 
injected several hundred cubic centimeters of blood into the superior mesenteric 
artery. This produced the same type of engorgement and cyanosis of the intes 
tines as is seen following portal ligation alone. Thus into the superior mesenteric 
artery of one dog weighing 6 Kg. we injected 570 cc. of blood, beginning a ew 
minutes after simultaneous ligation of the aorta and portal vein. AVe re^a e 
the experiment in another dog weighing 6 Kg., injecting 400 cc. of oo m^o 
the superior mesenteric artery. The blood pressure was observed for eig t> an^ 
eighty-five minutes, respectively. There was a sharp rise in the bloo 
at the time the aorta was tied (chart 4), but in neither case did there occur 
fall of blood pressure which is characteristic of ligation of the portal Acm ® 

Ransohoff^® demonstrated that simple pressure on the portal A'ein 
as Avell as in human beings prodijces a sharp and almost immediate fa m 
pressure Avhich, if continued, Avould probably lead to shock similar to t at o 
ing actual ligation of the portal vein. This also supports the idea that ^ ^ ^ 
is due primarily to a loss of blood into the tissues drained by the por a 

13. Ransohoff, J. L. : Cause of Sudden Fall in Blood Pressure AA bile E.'p 
ing the Common Bile Duct, Ann. Surg. 48:550, 1908. 
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1-Ic notcJ the smile (Irnp in hlnml pressure whether tlic finger was inserted into 
the foramen of Winslow or a clamp was applied to the iwrtal vein. 

7. Rcmoi'al of hilcsliiwl Traci . — .After ligation of tlic portal vein an attempt 
was made in a few dogs to prolong life liy ligation of nil ve.sscls and resection 
of the entire gnslro-intestina! tract iiichidiiig the .spleen. 'J'liis can he done in 
the dog very rapidly. We noted that while this would prevent the usual death, 
like transfusion of hlood, it had to he done before the animal passed into the 
irrcmediahle stage. On the other hand, even when life was prolonged, the hlood 
pressure remained low and never regained its normal level (chart 5). One of 
the factors which prevents the hlood pressure from regaining its normal level in 
this experiment may he that the intestinal tract acts as a source of fluid in 
replenishing the volume of hlood after a hemorrhage. 
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Chart 4. — Blood pressure tracing obtained after simultaneous ligation of the 
aorta and the portal vein. To imitate the intestinal engorgement characteristic of 
portal ligation alone, 570 cc. of blood from another dog was injected into the 
splanchnic area through the superior mesenteric artery. No change in the curve 
or in the behavior of the animal was observed (compare with chart 3). 



Chart 5. — Blood pressure tracing showing the characteristic fall after ligation 
(Lig.) of the portal vein. Twenty minutes later the entire splanchnic area was 
resected, with a prompt improvement of blood pressure and prolongation of life, 
but without regaining the normal level. 

COMJIENT AND SUMMARY 

It seems clear that the rapid death which so regularly follows total 
and complete occlusion of the portal vein is due to circulatory failure, 
because of extensive loss of blood from the general circulation into the 
trapped splanchnic area. No evidence of the production or absorption 
of a toxic substance (by guinea-pigs and white mice) rvas found. On 
the other hand the evidence in favor of the purely physical factor was 
uniform and consistent, and was obtained from a variety of experiments 
which, previously described in detail, may be summarized briefly. The 
increase in weight of the splanchnic area following occlusion of the 
portal vein was great enough, on the basis of the amount of entrapped 
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I)Ior)(l ii conlaincfl, t(j Jiavc caused death from shock alone, since the lost 
liloofi was siifiiciciit to hnver the systemic hlood pressure below that 
compatihle with life, the fall in hlood pressure was measured in man}' 
aiiiiiials iiiid w.is similar to that noted after an extensive hemorrhage 
except that the pressure was sustained at a low level until death. More- 
over, the behavior and appearance of the animal after ligation of the 
portal \'ein were similar to those seen after marked loss of blood from 
hemorrhage. Attempts to raise the hlood j)rcssure and ])rolong life by 
transfusions of hlood were successful, and it was possible to postpone 
death for over six hours. At this lime gmngrenous clianges in the intes- 
tines l)egan to introduce another factor. Finally, it was possible to pro- 
long life and [)reA‘ent the characteristic fall of hlood pressure ordinarily 
following occlusion of the portal vein by ligating the aorta above the celiac 
axis, which efi’ectiveiy stopped hlood from entering the splanchnic area. 
These animals lived only a few hours, hut they lived as long as animals 
with ligation of the aorta alone. iMoreover. the results of the experi- 
ment were the same if in addition several hundred cubic centimeters of 
hlood were injected into the mesenteric arteries to produce the cyanosis 
and congestion ordinarily seen after ligation of the portal vein. 

Death following ligation of the portal vein, while undoubtedly due 
to the same mechanism as shock from hemorrhage, is probably hastened 
by the fact that ligation at the same time prevents the gastro-intestinal 
tract from aiding in the loss of fluid. It is probable that ordinarily 
much of the fluid which rushes into the circulation to maintain blood 
volume after a serious hemorrhage comes from the intestinal tract, from 
which it can most easily be spared, \\diile such a conception rests on 
a number of clinical obseri’ations, its final proof awaits further stud}. 

Another interesting mechanism noted in our experiments was die 
irremediable changes which occur when a low blood pressure is main- 
tained too long. What this level is probably differs ivith the individual, 
hut if this critical level is not raised soon enough it can never be coi 
rected, no matter how much blood is transfused. This fact was noted 
during the M^orld ^¥ar, when it was found that massive transfusions as 
well as other means failed to sar'^e a soldier who had been in shock foi 
too long a time. The effect may be due to changes produced in the nenc 
cells. It is likel}^ that too low a pressure slows the metabolic exchange 
and causes irreparable alteration in the central nervous system. It is 
known that complete cessation of cerebral circulation for even six mm 
utes may permanently destroy the power of nerve tissue to functioi 
even though one can demonstrate no morphologic alteration in the ce 
On the other hand, the defect caused by a very low blood piessure ma} 
be due to increased capillary permeability. It is obvious that no ainoun 
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of blood will succeed in raising tlic pressure if il leaves tlie vascular 
system as fast as it is i^ourcd in. The matter merits further experi- 
mental study. 

COXCI.t'SIOXS 

The rapid death which occurs after total and com])lete ligation of 
the portal vein is not due to the effect of a toxin elaborated by the 
gastro-intestinal tract. It is to be explained on the basis of a loss of 
blood from the systemic into the portal system of a sufficient magnitucle 
to reduce blood pressure below that compatible with life. 
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CONGENITAL AND DEVELOPMENTAL DEFORMITIES 

End-Results FoUozving Bloodless Reduction of Congenital Disloca- 
tion of the H//).— Becker 1 reported the end-results m 97 congeni 
dislocations of the hip in 67 cases from the Erlangen . ’ 

all reduced b)'’ von Kr)'ger by the Lorenz method. Fo ownib 
the hips were kept in plaster casts in the first Lorenz , 

months. This was followed in some instances by rest m bed J 
physical therapy. The cases were divided into three | j 

in which reduction Avas performed over twenty years befor 
was made ; (2) those in which it Avas performed ten or more yea b 
and (3) those in Avhich it Avas performed over 
the first group there Avere 36 dislocated hips. Five of ^ l 5 

reduced; 4 shoAved slight subluxation, 12 severe su 
redislocation. Of the 4 hips with mild subluxation, 
coxa vara and 2 severe coxa vara with marked art iri 
although there Avas excellent socket formation. ^ shoAvecI 

hips which showed severe siibluxation and 13 of the 1 
redislocation were painful, the pain usually appearing rs 

This Report of Progress is based on a review of articles selected^^^^^ 
titles appearing in medical literature approximately between j y 
Oct. 28, 1933. Only those which seemed to represent progres 
for review. 

1. Becker, F. : Deutsche Ztschr. f. Chir. 241:273, 19^^- 
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decade. All of the reductions with permanent results had been done 
before the patient was 3 >4 years of age. There were 19 hips in the 
second group. Four had remained reduced ; 5 showed slight subluxa- 
tion. 5 severe subluxation and 5 redislocation. Ihe third group con- 
sisted of 34 dislocated hips. Five had remained reduced; 15 showed 
slight sublu.xation, 7 severe subluxation and 7 redislocation. T he femoral 
head and socket of the hips in which rcdislocation and severe subluxation 
occurred were markedly altered. A flat femoral head, anteversion, 
coxa vara and slipping of the upper femoral epiphysis were observed 
exactly as in adolescent coxa vara. The femoral head and that half of 
the pelvis tended to be smaller than on the normal side. In 9 cases there 
was severe arthritis deformans. It appeared to make no difTerence so 
far as function and pain were concerned whether the head made a new 
socket or hung loosely in the soft tissues. Increasing subluxation or 
spontaneous healing was apparenth' uninfluenced by treatment. Earl}' 
plastic surgical repair of the acetabular roof was suggested as a possible 
procedure in some of these cases. Only hips in which reduction was 
proved roentgenologically and clinically offered a good prognosis for 
the future. 

[Ed. Note. — These end-results are much poorer than those found 
in many American clinics. Clinical and pathologic studies have taught 
us that early reduction performed with the minimum of trauma and 
early, guarded rveight-bearing supplemented by physical therapy offer 
most in these cases.] 

Subhtxation of the Hip Joint Secondary to Maldcvelopnient of the 
Acetabulum. — Simons “ studied a number of cases of subluxation of 
the hip joint caused by faulty acetabular development, called by' Klapp, 
“coxa valga luxans.” One or both sides of the acetabulum might be 
affected. In roentgenograms the acetabulum appeared flat and ellipsoid, 
often without an edge to the acetabular roof. The outer margin of the 
femoral head was wider than the medial margin, apparently conforming 
to the shape of the acetabulum. These cases could be differentiated 
from coxa plana by the character of the upper femoral epiphysis, and 
were seen chiefly in females. In all of the cases studied arthritis defor- 
mans developed later in life. 

Congenital Torticollis. — Fitzsimmons^ discussed the etiology of con- 
genital torticollis. At birth the venous supply of the sternocleidomastoid 
muscle was obstructed, and fibrosis resulted similar to that seen in the 
muscles of the forearm in Volkmann’s ischemic contracture. The author 
thought that the ischemia was the result of the temporary venous 
obstruction, rendered permanent by patchy intravascular clotting. 

2. Simons, B. : Beitr. z. Win. Chir. 157:505, 1933. 

3. Fitzsimmons, H. J.; New England J. Med. 209:66 (July 13) 1933. 
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Idiopathic Osteopsathyrosis. — Coin ■* presented a review of tiie liter- 
ature on ostcopsntliATosis anti osteogenesis imperfecta and suggested 
that the two conditions might be separate diseases or that they might 
lepresent diflerent plnises of tiie same disease. The disease occurred 
in infancy and in childhood and was characterized by a deficiency in 
the number and function of osteoblasts. There were the hereditary 
and nonheredilar}' forms, the former being characterized by blue sclerae. 
In both, multiple fractures were frequent, which healed rapidl}" but with 
deformity. Fractures were rare after pnbert}’, at which time the disease 
usually subsided. A'othing was known as to the cause or the method 
of treatment of the disease, but the clinical and roentgenographic find- 
ings were characteristic. 

TUBERCULOSIS 

Tuberculosis in Infancy and in Childhood. — Katzeft'^ made a statis- 
tical study of the cases of tuberculosis seen at the Children’s Hospital 
in Boston during a forty-six 3’ear period (from 1884 to 1930). The 
incidence of orthopedic forms of tuberculosis showed a high level during 
this period and a steady decrease in 1924, with a marked decrease from 
1925 to 1930. The lowest point, 22.2 per cent of the total number of 
cases, was reached in 1930. Just the opposite was true of the nonortho- 
pedic forms of tuberculosis. The incidence rose, until in 1930 a peak 
of 17.7 per cent was reached. This study confirmed the clinical impres- 
sion that tuberculosis of the osseous system was a disappearing disease, 
and that this form of tuberculosis responded more favorably to the 
measures of preventive medicine than the nonorthopedic forms. 

Tuberculosis of the Greater Trochanter. — Meyerding and Mioz 
I'eported 19 cases of tuberculosis of the greater trochanter and of the 
trochanteric bursa. Diagnosis in all the cases was proved. The disease 
was most prevalent in the first and second decades of life. In 16 of 
19 cases, tuberculosis elsewhere in the body (lungs, joints and genito- 
urinary tract) was demonstrated. In only 2 cases was the bursa alone 
involved. Cure was obtained in both cases by extirpation of the bursa. 
When the trochanter was inA'^olved, radical excision of the infecte 
area was done. Persistent sinuses formed in 4 of the cases. Without 
treatment, the infection might spread to the neck of the femur an 
the hip joint. 

Tuberculosis of the Diaphysis. — -Brower and Downs ‘ reported sei 
eral cases of tuberculous involvement of the diaphysis of the long bones. 

4. Goin, L. S.; Am. J. Cancer 17:668, 1933. 

5. Katzeff, M. G.; New England J. Med. 209:83 (July 13) 1933. ^ 

6. Meyerding, H. W., and Mroz, R. J. ; Tuberculosis of the Greater Troc lan 

J. A. M. A. 101:1308 (Oct. 21) 1933. 

7. Brower, R. S., and Downs, E. E. : Am. J. Roentgenol. 29:617, 1 
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In 1 case tlio Ir.'-ion was cuiifincd ciitirfly lo ilu- diajilivsis of llic fihiila. 
An cNtcnsivc discnssion of llic otiolo^y was .uivni. inclitdin;^ a resume 
of tile litcratnre. Diai^intsis f)f tliese lesions was rliflicnll. and as tlicy 
were rare, tlie diai^nosis was easily missed. 

yiuUiplc Tuhcrculau.c Spondylitis. — 'Phrap-Mcycr *' rejjorled the find- 
ing of multiple tnherenlnns spontlylitis in 7 patients suffering from pul- 
monary tnbercnlosis. In fi patients there were 2 tnherciiloiis foci in 
the spine with normal vertebrae between. :md in 1 patient tbcrc were 
3 foci. The author believed that the spinal involvement was of hema- 
togenous origin. He- felt that contact with tuberculous abscesses must 
be considered as a means of spreading the infection to the s]iine, but 
he believed tliis to be rare. In these cases there were uo symptoms of 
irritation of the s])inal cord. In all. the .symptoms were localized wholly 
to the caudal focus. 

Technic and Dosage of TIcliolhcrapy in Surgical Tiibcrcii!o.ds . — 
Rollier " was of the o]iinion tliat heliotherapy to be efficacious should 
always be strongly individualized. It should be adapted to the season 
and climate and to the state of the subject’s resistance. He enumerated 
some general rules, however. General heliotherapy should always be 
carried out, no matter bow localized the manifestation of tuberculosis 
appears to be. Heliotberaiw should be given in graduated doses, com- 
mencing in all cases with treatment of the c.xtremities ; usually three 
e.xposures of three minutes each with ten minute rest periods are given. 
In most cases, after the eighth day e.xposures can be given with intervals 
of ten minutes between the periods — for from one to one and one-half 
hours for the extremities, from three-quarters to one hour for the 
abdomen, from one-half to three-quarters hour for the thorax and one- 
quarter hour for the neck. Longer periods of exposure can be given 
when the skin is well pigmented. Insolation that is interrupted by 
periods of rest exercises a more tonic and vitalizing action than when it 
is continuous. 

OSTEOMYELITIS 

Acute Infectious Osteomyelitis . — From the examination of 262 con- 
secutive cases of acute infectious osteomyelitis, Pjwah and Pain came 
to the conclusion that moderately conservative treatment was the best 
for this condition. In the case of average severity they advocated an 
incision of the periosteum, extending up to the epiphyseal cartilage. 
Only when frank pus was found by drilling the metaphysis should any 
opening of the bone be carried out. Compact bone should be removed 
to uncover the pus, but no further procedure should be used except to 

8. Thrap-Meyer, H. : Norsk mag. f. laegevidensk. 94:641 (June) 1933. 

9- Rolher, A.; Brit. J, Phys. Med. 7:235. 1933. 

10. Pyrah, L. N., and Pain, A. B.: Brit. J. Surg. 20:590, 1933. 
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pioMcIc for clrainaf^c and irrigation. If the patient was very ill, or the 
infection very acute, they felt that treatment should include periosteal 
incision. In this scries of cases there was a mortality of 27.1 per cent. 

Osteomyelitis iii Isc!tiof>ubic Sytichoudritis. — Haberler^^ reported 
3 cases of this condition in children, 2 , 6 ^ and 8 3'ears of age. The 
disease began with fever, which subsided with rest. The symptoms 
were those of innammation of the hip joint, with localized tenderness 
at the ischiopubic junction. In 1 case a sequestrum formed; in 1 there 
was complete healing, and in the other there was sclerosis of the bone. 
Conservative therapy was followed b)'’ complete functional recovery. A 
review of the literature of this rare t3’pe of osteomyelitis was given. 

FUNGOUS INFECTION OF BONE 

/Ictiiiomycosis of the Spine . — A case of actinom3'Cosis of the bone 
was reported b3’' Tabb and Tucker^- in which the etiology was proved by 
the recovery of Actinomyces from a draining cervical spine and from 
the sputum. The spinal lesion was characterized b3^ discrete punched-out 
areas in the bodies of the tenth and eleventh dorsal vertebrae, without 
collapse of the vertebral bodies. Large paravertebral masses were seen 
in the roentgenograms. Pulmonary infection with actinorn3'cosis existed. 
In spite of the area of the spine involved, there was much less pain than 
would usualh" be found with a similar tuberculous lesion. 

Blastomycosis of the Bone . — Sixteen cases of blastom3'cotic infection 
of the bone were reported b3’’ Wai'ding and Blair.*® The importance of 
earl3’' recognition of the disease b3’’ Iaborator 3 ' examination of the exudate 
was stressed. Osseous lesions, while showing extensive roentgenologic 
changes, were associated with little fever, with no elevation in the niimbei 
of white blood cells and with a slowl3’^ progressive involvement. In the 
absence of pulmonaiy lesions or multiple systemic lesions, cures were 
observed following therapy with potassium iodide. 

[Ed. Note. — There have 'been numerous cases of blastomycosis 
reported, but it is probable that many are overlooked, especially in t le 
early stages of the disease. The 16 cases reported by Tabb and Tuc^el 
were found in a thinl3>’ populated semirural community.] 

POLIOMYELITIS 

Acute Poliomyelitis as a Primary Disease of the Cent) at A e/voi 
System . — In a study of acute poliom3"elitis, Faber *■* concluded tiat i 
clinical course of the disease corresponded with the progress of t le m 

11. Haberler, G. : Arch. f. klin. Chir. 175:625, 1933. 

12. Tabb, J. L., and Tucker, J. T.: Am. J. Roentgenol. 29:628, 193.. 

13. Warding, D. B., and Blair, C. C: South. M. J. 26:315, 1933. 

14. Faber, H. IC.: Medicine 12:83, 1933. 
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tion Uminj:h and within the criitrnl itcrvoti^ .system, the ])ortal of entry 
licing: the olfactory inncosa. 'I'lie virus sprearl hy extension from the 
olfactory Imlh thronuh the olfactory tracts to the interbrain (the hy])Othal- 
amus and thaiannts). thence (hroti^h tlie sitinothalaniic tract to the 
po.stcrior horns and intcrvcrlehral i^an.ijlions of the cord, where it ])ro- 
duced the later preparalytic syinj'toms, and thence to the anterior spinal 
horns. In discn.s.sintj the therapy, tlie anlhor felt that .scrum, and 
especially tested Iniinan .senim. .shouhl he administered intravcnou.sly in 
large do.sc.s. Considering the early inhltration of the involved arca.s of 
tiic cord, the author helievcd tlial hy intrathecal injection of scrum the 
immune antibodies reached tlie infected areas in insnfiicient concentra- 
tion. It was hy the intravenous injection of large amounts of tc.stecl 
scrum that results might he obtained. With the present knowledge of 
the disease, the .author did uot feci justified iu discarding the use of 
-scniiu of known ajitibody potency. 

[Ed. Note. — This article of more tlian 100 p.agc.s cannot be discussed 
adequately in a brief abstract. It merits careful reading for those 
interested in acute polioiuycHlis. The final word has not yet been said 
III regard to scrums iti the early treatment of poliomj'clitis.] 

Treatment of /Iciitc Poliomyelitis with Transfusions of Convalescent 
Blood. — Sherman *'■ treated 71 patients suftering from poliomyelitis with 
transfusions of whole Iilood from donors convalescing from poliomye- 
litis. From 150 to 400 cc. of blood was given intravenously. Thirty- 
five patients were in tlie preparalytic stage, while 36 were paralyzed. 
Tliere were 5 deaths ; 2 of the patients were moribund when the trans- 
fusion was given. Paralysis dcvelojted in only 3 of those treated in 
the preparalytic stage. In some of the cases transfusion seemed to be 
beneficial in shortening the period of fever and the duration of other 
symptoms of the disease. The author advocated the registration of per- 
sons who had recovered from poliomyelitis for use as donors in 
epidemics. 

CHRONIC ARTHRITIS 

Rheumatic Conditions of the Tendon and Muscle Attachments . — 
Under the term “tendinitis,” Kahliueter described a condition of 
tenderness, swelling and pain of the muscle or of its tendinous attach- 
uients, not implying thereby that true inflammatory changes were pres- 
ent. The general form, "polytendinitis,” was shown to resemble acute 
rheumatic polyarthritis closely, and the local form to include such condi- 
tions as tennis elbow and calcaneal spur. Especial attention was drawn 
to tenderness of the quadriceps tendon at the upper border of the 

15. Sherman, T.: Deutsche tned. Wchnschr. 59:1332, 1933. 

16. Kahimeter, G.: Lancet 1:1338 (June 24) 1933. 
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patella. The author had 25 patients with this condition. They experi- 
enced jxiin on walking which radiated up the front of the thigh, but 
there was no swelling of the knee joint or an)' tenderness except in the 
localized area above the patella. Cure was obtained in all cases of 
“tendinitis ’ by roentgen treatment. Unfortunately, no indication was 
given as to the appropiate dosage. 

hcoiiODiics of RhcKUiattsni. — From the government report of 1924, 
Buckley^' deduced that “rheumatism” accounted for one sixth of the 
industrial invalidism in England and concluded that the loss of wages 
and disbursements by approved societies for sickness, etc., amounted to 
more than 20,000,000 pounds for the 3 ’ear. Fie was of the opinion that 
the problem was so extensive that voluntary hospitals could not cope 
with it, and cited the methods of financing more elaborate schemes which 
were in operation in many countries and included, when necessary, 
reeducation for new employment. 

Transitoyy Arlltrifis of the Hip Joint in Childhood. — The necessity 
for early and exact diagnosis of arthritis of the hip in children was 
emphasized by Butler,^® wdio gave a report of an investigation in 97 
cases. Of these, 56 w'ere proved to be tuberculous and 34 to be of a 
transitory nature, with no abnormality showm by roentgenographieexam- 
ination. Seven occurred as reactions to localized infection of the bones 
near the joints. All persons with questionable arthritis of the hips 
were admitted to the hospital to be obseiwed, and were treated by rest, 
extension or fixation according to their individual requirements. The 
transitory type of arthritis cleared up excellently, and its chief impor- 
tance lay in the fact that clinically it so closely resembled an early tuber- 
culous infection. In the vast majority of the cases an entirely negathe 
roentgen picture could be taken to exclude a tuberculous infection. 

SCOLIOSIS 

Mechanics of Scoliosis. — Rogers reviewed the various theories of 

the mechanics of scoliosis and showed that none of them was adequate 
to explain the entire mechanical evolution of scoliosis. He groupe t le 
muscles acting on the spinal column into flexor, extensor, deep torsion 
and transverse traction muscles. It was found that a unilateral re axa 
tion of the extensor group of muscles could produce the thiee 
of deformity in scoliosis; lateral deviation, rotation and kyphosis, 
author believed that hyperextension was the best mechanical position 
which to treat scoliotic deformities. 

17. Buckley, C. W.: J. State Med. 41:282, 1933. 

18. Butler, R. W. : Brit. M. J. 1:951 (June 3) 1933. 

19. Rogers, S. P. : Mechanics of Scoliosis, Arch. Surg. 26.962 (June 
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Chatuics in llir .Irtiruhitidiis of the I'ciirlnnl rion'ssrs. a Lillie 
Considereil Couse of !uiel:oehe. — Lani;r •" calk’d attciitinii to cliaii^cs 
in the articnlaliniis of the vcrtckral jtrocchsc.’- as found in various dis- 
akililics. Sj'ccial icclniic was necessary to dcnionslratc tlicsc changes 
in the roentgenograms; for tlic cervical verlel)rae. the arlicnialions were 
best sliown in lateral views with the neck in full extension ; for the 
dorsal spine, the roentgeiiogranis were taken from the sirlc with tlie 
patient turned from l.S to 20 tlegrees from the true lateral jKisition with 
the Ecapnia rotated otitward; for the inmhar s|)ine. the articulations 
were shown in antero]iosterior views and in views taken at a deviation 
of 45 degrees from the true lateral position. 'I'he changes commonly 
found in conditions snch as scoliosis, vcrtchral fractures and postural 
changes in stout persons were first a loss of the ])arnllel form of the 
surface of the joints followed hy arthritic changes. The author dis- 
cussed the possible relationship of these changes to ])ain and to limita- 
tion of motion in the spine. 

Backache from Relaxalinti of ihe Sacro-Iliac Joiiil. — Bragard,-' in 
Lange’s Clinic in i^funich, reviewed over 1 00 cases of backache caused 
by relaxation of the sacro-iliac joint, lie attemjned to explain on an 
anatomic background the synijilomatology and the reactions to the vari- 
ous diagnostic tests. Pain, he believed, was due to a tearing of tjie 
articular capsule and to overstretching of the surrounding ligaments 
and muscles ; later there appeared degeneration of the articular cartilage, 
periostitis and arthritic changes. Roentgenograms helped very little 
m diagnosis. Treatment in the acute cases consisted of circular adhesive 
strapping from the trochanters to the navel. This strapping was 
renewed if pain was still acute. A pelvic band or corset was next used. 
Heat or diathermy and massage were given, and later gymnastics were 
advocated, first with passive, and later with active, motion. Operations 
for the relief of symptoms, such as arc described in the American litera- 
ture, were not required in any of these cases. 

TUMORS 

Bone Endothelioma and Primary Epithelial Bone Tumors. — Petrow 
3nd Glasunow -- collected 7 cases of primary epithelial tumor of the 
long bones from the literature and added a case of their own. They con- 
cluded that a number of the endotheliomas of the bone reported in the 
past were metastatic epithelial tumors; others were probabl}" caused 
y rnetastases, and still others were of unknown origin. Epithelial 

20. Lange, M.; Miinchen. med. Wchnschr. 80:1134 (July 21) 1933. 

-1- Bragard, K. : Aliinchen. med. Wchnschr. 80:1240 (Aug. 11) 1933. 

22. Petrow, N., and Glasunow, U. -. Arch. f. kiln. Chir. 175:589, 1933. 
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tumors nnist be included in primary tumors of the hone. Their origin 
was probably in embryonic ectodermal inclusions. These tumors almost 
always involved the tibia. Histologically, they were similar to basal cell 
carcinoma. It was not de/initch' known whether or not they were 
malignant. 

Primary Echinococcosis of Vertebra. — Pcssano reported 2 cases 
of ht'datid cyst of the vertebra, one in a 26 year old inan Avdth a lesion 
between the eighth and the twelfth dorsal vertebra and the other in a 14 
3 'ear old girl. The diagnosis was made only after exploratory operation, 
the usual diagnosis before operation being tuberculous spondylitis. Com- 
pression of the spinal column was common. Often no s 3 mptoms were 
present until trauma to the spine occurred. Surgical intervention with 
evacuation and destruction of the cysts was the treatment of choice. 
Arsenical preparations rvere an aid in treatinent. The cj-sts were always 
multilocular and were found in the spongv or areolar tissue of the ver- 
tebral body. A complete review of the literature was given. 

emeULATORV DISTURBANCES OF THE E.XTREMITIES 

Study of the Dorsalis Pedis and Posterior Tibial Pulses iu One 
Thousand Persons Without Synipto})is of Circulatory Conditions of the 
E.Yfrcmifics.—Movnson -* studied the pulse in the posterior tibial and 
dorsalis pedis arteries in 1,000 persons who had no symptoms of any 
circulatory disturbance in the extremities. Absence of the pulse in one 
or more of the vessels Avas noted in 191 persons. All pulsations were 
absent in 19. Absence of pulsation was more common in the posteiioi 
tibial than in the dorsalis pedis arteides. The patients with absent pulsa- 
tion were of all ages. The author stated that absence of pulsation did 
not necessarily mean disease of the arteries. 

Evaluation of Various Methods of Investigating the Ciicuhfiou iu 
'the Lower Extremities. — Kramer attempted to evaluate the various 

methods of investigation of the circulation in the lower extiemities 
considering the oscillometer, injections of histamine, heat, measurements, 
intradei'inal injections of salt solution, roentgenograms, roentgenograp nc 
visualization of the r^essels and the sphygmotonograph. In man) 
instances the author found that a careful history and physical examina 
tion did not give adequate data in regard to the circulation, 
sions drawn were that all of these methods had merit. The osci ome e^ 
gave evidence of circulation in deep vessels which could no 
palpated. Injections of histamine w'^ere of value, particular!) 
stud)'^ of the superficial circulation. Roentgen studies were ot 

23. Pessano, J. E.: Semana med. 1:2126 (Jane 29) 1933. 

24. Morrison, H. : New England J. Med. 208:438 (Feb. 23) 1933. 

25. Kramer, D. W.; Am. J. M. Sc. 185:402, 1933. 



Kinxs nr .u..~rn<n;i;n.s^ /.v om iioi'nnic .si'k-cuRV mks 


value. CNcr]it in into instanoo'. parlioulnily in rasos nf dialiotos. 'I'lic 
c.aloriniclric niolliniis wore oinolly of v.alnc in (lifi'orontiaiint; bolwccn 
vasospastic an<i occinsivo losinns of llio vessels. 

ufi‘Tri:t:s or Mf.'-ci.r.s a.vd rrN'DONs 

Sf'OtUavcoits Riif'tuii' of the l.oun Triiilnii of llir Biceps. — Opiiol- 
r.cr"''' was .able to collect over case'- of rn])ture of tlic lontj tendon 
of the bicc])s brncbialis muscle. It was found most commonly in mus- 
cular persons .and jiarticnlarly on the left side in j^lass blowers. In less 
imiscnlar men. it was seen <inly after ibe .aite of 45. In the author's 
own cases the classic siyns were absent. These were known as Heutcr’s 
sipn (pain in the slionldcr when the sniiin.aled forearm was flexed), 
Pagcnstechcr's sign (suhluxation of the humeral head upward and 
inward) and Cruveilhier’s sign (elevation of the humeral head). Con- 
servative treatment was advised for jK'rsons too old to perform heavy 
work. The author sutured the peripheral portion of the tendon beneath 
the tendon of the pector.alis major muscle to the pectoralis attachment 
on the humerus. Various authors had estimated the disability from this 
injury to he from 10 to 50 per cent. 

Separation of the Symphysis Pubis. — Boland reported 10 cases of 
separation of the symphysis pubis occurring during delivery. He found 
the ratio to he 1 in 685 deliveries. He believed that this lesion was due 
to trauma resulting from the descent of the fetal head associated with 
an inherent we.akness of the ligaments about the symphysis. Associated 
With the separation of the symphysis pubis was involvement of the sacro- 
iliac joints and posterior displacement of the acetabula. The onset of 
the symptoms was usually acute with pain over the symphysis and in the 
lower part of the hack. The onset of symptoms varied from two months 
before delivery to twelve days after delivery. On physical examination 
there was often a separation of the symph 3 'sis pubis of from one to two 
fingerbreadths ; a waddling gait was frequently observed, and tenderness 
was present over the sacro-iliac joints. Treatment consisted in placing 
the patient on a hard bed and in circular strapping of the pelvis with 
adhesive plaster. If one pubis was elevated in the roentgenograms, 
traction was applied to the leg on that side until the pubes were level. 
When there was wide separation, a canvas hammock with overhead 
traction on the sides was used. For later convalescence, a butterfly 
type of brace was applied. This separation appearing in pregnancy was 
no indication for immediate delivery. It was treated as a complication, 
and delivery was allowed to proceed to term. The separation was found 
to recur in each succeeding pregnancy. 

26. Oppolzer, R.; Deutsche Ztschr. f. Chir. 241:281, 1933. 

27. Boland, B. F.: New England J. Med. 208:431 (Feb. 23) 1933. 
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J)i juries of the Sniiihiuor Cartilage. — Wright reported on the con- 
scrv.Tlive trentment of a group of patients with primar}' or recurrent 
dislocation of the internal semilunar cartilage. They were treated by 
the following definite routine; 1. The displaced cartilage was reduced 
by manipulation, preferably with the patient under the influence of 
an anesthetic. 2. From 5 to 10 minims (0.3 to 0.6 cc.) of tincture of 
iodine was injected at the point of greatest tenderness. The author felt 
that this stimulated the feeble reparative process of the cartilage. 3. Fix- 
ation of the leg in full c.xtension in a light plaster cast was carried out. 
4. "W’alking was encouraged in the cast after two days. 5. Faradic 
stimulation was used to aid in the redevelopment of the weakened 
quadriceps muscle. 6. The inner border of the heel was raised to 
remove the strain from the knee. Five primary and 28 recurrent dislo- 
cations were treated in this manner. One patient failed to improve, and 
the cartilage was removed b}' operation. Two patients failed to 
report for follow-up examination. The rest showed excellent results. 
There were no recurrences of the dislocation. 

Adaptation to N'czcj Function by Muscles Shifted in the Course of 
Tendon Transplantation. — Lange,-® after many years of experience in 
the transplantation of tendons, concluded that muscles shifted in their 
course adapted themselves to new functions only after long and careful 
training. His procedure had been to leave the limb in a plaster cast 
for six weeks. Occasionally, electrical stimulation of the transplanted 
muscle was begun in the fifth week. After the cast was taken off, the 
limb was placed in a apparatus which moved the affected joint by 
millimeter gradations. By«-such methods the intelligent patient learned 
to use the transplanted muscle in from a few rveeks to several months. 
The author reported the use of silk tendons for various t3'pes of muscle 
transplantation. 

The Possibility of Recording Noises Produced in Joints. Erb, 
by the use of an oscillograph, was able to record the noises produced 
in knee joints and to anatyze to some degree their frequency and sig- 
nificance. Not only were the noises recorded that are usually heard but 
also others the character of which had not yet been studied. 

Bony Nucleus of the Anterior Inferior Iliac Spine.- Janker 
observed 2 cases in which the anterior inferior iliac spine had not fused 
on one side at the age of 18 and on both sides at the age of 20. Anato- 
mists have taught that the nucleus of this process appears at the age 

28. Wright, C. S.: Canad. M. A. J. 28:618 (June) 1933. 

29. Lange, F. : Miinchen. med. Wchnschr. 80:1133 (July 21) 1933. 

30. Erb, K. H.; Deutsche Ztschr. f. Chir. 241:236, 1933. 

31. Janker, R. : Deutsche Ztschr, f. Chir. 241:477, 1933. 
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of 15 or 16 and fuses williiii a year. .Such f)sscrjus nuclei not fused to 
the ileum nii_e;lit be confused with avulsions when injury has occurred 
in this region. 


OKTIIOI’KDIC OUKKATIOXS 


Treatment of Athetosis and Dystonia by Scetion of the E.vtrapy- 
raniidal Motor Traets. — Putnam sectioned the extrai^vramidal motor 
tracts in 5 cases of athetosis and d\’stonia. In 4 of the cases there 
was definite improvement as far as the uncontrolled muscular activity 
was concerned. There were no permanent ill effects from the operation. 
The operation in each case was described, and the histories were 
presented. 


Treaimcnt of Injuries of the Semilunar Cartilage. — Stefanini 
reviewed the various incisions used in operating on semilunar cartilage. 
He objected to most of them because they did not allow sufficient expo- 
sure for the total removal of the cartilage. Failure to remove the 
posterior part of an injured cartilage sometimes resulted in recurrence 
of symptoms, necessitating a second operation. The author preferred 
an enlargement of Baker’s incision, making a J with the long arm 
parallel to the patella and then turning the incision outward as far as 
the lateral ligament. 

[Ed. Note. — Just how this incision gives better exposure to the 
posterior portion of the cartilage than the incision of Timbrel Fisher 
IS difficult to see. The noteworthy point, however, seems to us to be 
that it is important to remove the whole cartilage and to use an incision 
that allows access to the posterior rim of the cartilage.] 

Countersinking the Astragalus. — Brewster^* described an operation 
which he has performed for the last six years on paralyzed feet. This 
consisted of countersinking the previously prepared astragalus into a 
rectangular well in the os calcis. This procedure enabled the operator 
to set the foot well back, to lower the tibioastragalar joint so that dorsal 
and plantar flexion were limited, and to gain lateral stability by fusion 
of the calcaneo-astragaloid joint. 

[Ed. Note. — This operation seems to offer the advantages of an 
astragalectomy without the operative difficulty and without the resulting 
mutilation.] 


Tendon Transplantation in the Lozver Extremity. — Ober 
ic general considerations of tendon transplantation. In _ _ _ _ 
selected for operation, he said, all the tendons must have sufficient power 


discussed 
the cases 


32. Putnam, T. J. : Treatment of Athetosis and Dj'stonia b}- Section of Extra- 
Pjramidal Motor Tracts, Arch. Neurol. & Psychiat. 29:504 (March) 1933. 

J.: Rev. de chir., Paris 52:349, 1933. 

J4. Brewster, A. H.: New England J. Med. 209:71 (July 13) 1933. 

43- Ober, F. R.: New England J. Med. 209:52 (July 13) 1933. 
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so that wlicn one is transplanted the otliers will continue to stabilize 
the joint. Deformities must he corrected (as b}' stabilizing operations) 
be foie transj)lant€ation is done. Ihe tendon selected for transplantation 
siionld liavc power enough to balance its opponent. Adhesions must be 
prevented, and the question of leverage must be considered. The tendon 
should be inserted preferably into bone. The transplanted tendon should 
parallel as nearly as possible the course of the paralyzed one. As a 
general rule, the transplant should be under enough tension to hold the 
foot in a corrected position. Various tendon transplantations about the 
ankle, knee and hip joints were discussed in detail and the operative 
technic was described. 

Rcscctiov of the Shoulder Joint in Tuberculosis . — Richard and Cour- 
voisier stated that surgical treatment of the upper extremity was the 
opposite of treatment of the lower extremity. In the lower 
extremity fusion was desired, but in the upper extremity, motion. 
The}' considered that fusion of the shoulder joint was being done 
too frequently, and that resection was preferable when possible. 
Conditions essential to resection were: (1) good musculature about the 
shoulder, with recognition of the fact that some atrophy is invariably 
present, and (2) intact nerves. Contraindications were : (1) very active 
lesions with multiple open sinuses, resection in these cases resulting in 
ankylosis, and (2) old quiescent lesions that had caused ankylosis and 
resulted in extreme muscular atroph}'. Except for these contraindica- 
tions, the joint of the shoulder was always amenable to resection. The 
presence of an abscess or a sinus was not a contraindication. Through 
an anterior incision the muscular attachments at the tuberosities were 
separated ; subsequently the humeral head was removed at the surgical 
neck except in children in whom the epiph3^sis was left intact. The 
articular cartilage was then curetted from the glenoid. Particular care 
was taken to preserve the deltoid muscle and its nerve supply. From 
two to five rveeks of mobilization followed. Cases illustrating both goo 
and bad results were described. 


FRACTURES AND DISLOCATIONS 

Avulsions of the Carpal Bones . — Ernst and Rbmmelt called atten 
tion to avulsions of small portions of the periosteum and bone rom 
the carpal bones. Ninety personal observations were recorded, n ns 
own material of 6,000 wrists the roentgenograms showed no de ni e 
accessory bones. Lesions of the semilunar and large multiangular ones 
were most commonly found to cause pain. The other bones hea e 


36. Richard, A., and Courvoisier, J. N. : Presse med. 41:290 (Feb. 22) 

37. Ernst, M., and Rdmmelt, W. : Deutsche Ztschr. f. Chir. 241:438, 
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a lew (lays. 'I'races nf such injury could he dcmoiistralcd in the roent- 
gciiograius (or long iierinds. 

Mcclmtiics of Sufrocoodylnr Fvacturc of the Humerus. — Coenen 
divided supracondylar fractures according to the mechanism causing 
the fracture into flexion and extension fractures. In a group of 38 
supracondylar fractures. 29 were flexion fractures and 9 extension frac- 
tures. The flexion tyjie of fracture was caused by a fall on the forearm 
portion of the acutely flexed elbow. 'J’he fracture line was higher on 
the posterior aspect of the humerus than on the anterior aspect. The 
extension type of fracture resulted from a fall or blow on the upper 
arm portion of the elbow. This caused the fracture line to be higher 
on the anterior aspect of the humerus than on the posterior aspect. 
Reduction of the flexion tyjie was secured by traction on the forearm 
forward and distally. with acute flexion of the elbow. Reduction of 
the extension tyix; of fracture was more difiicult, and skeletal traction 
through the olecranon was sometimes required. 

Fractures and Dislocations in the Region of the Elhozu. — Wilson 
made a study of 176 cases of injury about the elbow all of which had 
been followed for at least a year. Each type of injury was discussed 
from the point of view of treatment and prognosis, and attention was 
called to the various complications and dangers that should be avoided. 
Conclusions drawn from the wdiole groups were that proper treatment 
which commenced earl)' obtained better end-results than are commonly 
supposed to occur in such injuries. 

[Ed. Note. — This paper is a detailed exposition on the treatment 
of injuries about the elbow. It represents part of a seven years’ study of 
■^>536 bon)' injuries treated in the service for fractures of the Massa- 
chusetts General Hospital.] 

Ununited Fractures of the Shaft of the Humerus. — Owen ■*” con- 
sidered ununited fractures of the humeral shaft to be those in which 
there was no evidence of union six months after injury. At the time 
stimulation of union was difficult, and half-way measures were unavail- 
'og. He advised an autogenous bone graft followed by fixation for 
four months. Foreign materials were avoided, as it was considered 
that in spite of firm fixation they often hindered union. In 7 of the 8 
cases reported the results were successful. 

[Ed. Note. — The experience of the editors is in entire accord with 
these findings.] 

38. Coenen, H. ; Miinchen. med. Wchnschr. 80:1174 (July 28) 1933. 

4a • Surg., Gynec. & Obst. 56:335, 1933 

40. Owen, W. B. : Ununited Fractures of the Shaft of the Humerus, J. A. 
41- A. 101:569 (Aug. 19) 1933. 
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Recognition of Practnirs of the Laminae of Vertebrae in the Roent- 
genogram. — Von Oettingen called attention to the difficulty of recog- 
nizing' fractures of the laminae of vertebrae, particularly late after 
injnr}’. He urged careful examination of early roentgenograms with 
this lesion in mind. Fractures extending through the pedicles into the 
transverse processes might be difficult to recognize after healing has 
occurred, save for the residual broadening of the transverse processes. 

Intra-Articular Fractures of the Pro.vimal End of the Tibia. — Mik- 
kelsen reviewed 248 cases of intra-articular fractures oi the proximal 
end of the tibia — 160 from the Kommune Hospital in Copenhagen and 
SS industrial cases. The end-results were recorded in 126 of the 160 
cases from one 'to nineteen years after the injur}'. Examination was 
done in 56 of the SS industrial cases at the end of a year, and in the 


remainder, from two to five years after the fracture. The cases were 
classified as follows; (1) 51 medial and 116 lateral nnicondylar frac- 
tures; (2) 25 bicondylar Y and Y fractures, 16 T fractures and 5 
comminuted fractures ; (3) 18 fractures of the tibial spine and (4) 9 
unusual fractures. The mechanism causing the injury was diseased 
for each group. In most instances it was a horizontal force acting 
directly on the condyles. Almost all of the patients were middle-aged. 
Two were 12 years of age. Treatment in most of the cases consisted 
of a pillow type of splint which permitted early motion and massage 
of the knee. Puncture of the joint rvas done for hemartlirosis. Opera- 
tion was resorted to in only a few cases of nnicondylar fracture with 
marked dislocation. Direct extension w'as avoided on account of 


stretching of articular ligaments. The patients were kept in bed for 
eight weeks, and longer if there was lateral instabilit)' of tlie knee. 
Fifty-four per cent of the 160 patients in the hospital showed comp eic 
recovery functionally, and 90 per cent were doing their usual woi k. ic 
industrial cases were influenced by the question of indemnity. Comp ete 
recovery was found in only 5 per cent of the patients in this group, 


and only 29 per cent Avere 4ojr'g their usual work. 

Immediate Treatment of Compound Fractures. — Orr stiessed the 
advantages of immediate direct fixation of the fragments in compoun 
fractures. The disadvantages and dangers, he believed, were 
by complete immobilization with dressing by the Orr method. e pre 
sented a case illustrating how this method might lead to primar} unio 


and reduce the length of the period of disability. 


41. von Oettingen, E. N. : Deutsche Ztschr. f. Chir. 241:471, 1933. 

42. Mikkelsen, O. : Acta chir. Scandinav. 73:1, 1933. _ 

43. Orr, H. W.: The Immediate Treatment of Compound 
Albee Bone Graft and the Winnett Orr Method of Postoperative Care, J- 
101:1378 (Oct. 28) 1933. 
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[Ed. Kotk. — ]'’riniary iixalioii of coiiipoimd fractures is desirable, 
and if the daut^cr of its aijplicalion cau he lessened by this or other 
nietliods a considerable advance in the trcalmeiit of fractures will have 
been attained.] 

CUnicol Study of the Cause of Pseudaytlieosis of the Diaphysis of 
the Lotifj Bones. — Hellsladins made a careful study of 70 cases of 
pseudarthrosis of the long bones of the extremities. Most of the patients 
were in Haglnnd’s clinic in Stockholm. The author felt that probably 
all cases of pseudarthrosis began as a delayed consolidation ; in 34 cases 
there was much callus, and in only 12, no callus, tie observed that 
as pseudarthrosis developed, the periosteal callus smoothed out, Pseudar- 
throsis developed rarely in children ; there were no cases in children 
under 10. No disease process except syphilis seemed to delay union. 
In this series only 1 patient, a diabetic subject, was not robust. Glands 
of internal secretion and vitamins seemed to play a minor role in pseud- 
arthrosis, as seen in these cases. Fracture of two bones did not par- 
ticularly influence the tendency' to nonunion. There were 10 cases of 
pseudarthrosis of the forearm; 5 of both bones, 3 of the radius and 2 
of the ulna. There were 29 cases of pseudarthrosis of the bones of the 
lower part of the leg ; 25 of the tibia and 4 of the tibia and fibula. The 
author concluded that some local predisposition or inhibiting factor led 
to the pseudarthrosis. This condition was most commonly' observed in 
comminuted fractures where the circulation was poorest. No definite 
statement could be made as to injury' of the nutritive artery, but in 2o 
of the 70 cases the midpart of the diaphy'sis was involved. Pseudarthro- 
sis was more common after transverse than after spiral or oblique frac- 
tures. In this series there were 31 comminuted, 23 transverse, and 4 
oblique fractures. Seven per cent of the cases occurred after compound 
Ij'actures. In a large series of fractures, pseudarthrosis was found in 2.4 
per cent of those operated on axrd in 0.23 per cent of those reduced manu- 
In the author’s opinion, interposition of the soft parts did not cause 
uonunion. Nonunion was more common after horn or bone grafts than 
after the use of Lane plates. Early' operation predisposed to nonunion. 

be best time to perform operation on fractures was during the second 
Week. Violence with laceration and tearing of the soft parts seemed 
to be the chief predisposing cause. Separation of fragments contributed 
to nonunion only in that the masses of callus from the ends of the frac- 
ture had a longer distance to bridge. Faulty' immobilization was of 
■niportance as a factor in nonunion only' in the later stages when the 
•basses of callus coalesced. 

Hellstadius, A.; Acta chir. Scandinav. 73:111, 1933. 
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rATlIOLOGV OF HONE AND JOINT LESIONS 

Nonital and Pathologic Histology of the Mcuisciis of the Knee.— 
Ill a concise paper, ^'obler discussed his conclusions on a study of 
1,000 menisci from cadavers and of 400 operatively removed specimens. 
His findings were based on personal observations. Degenerative changes 
occurred regularly in normal cartilage after the age of 15. After the 
age of 32, all cartilage showed fatty degeneration. Also, degeneration 
of bundles of connective tissue fibers was seen regularly after the age 
of 37. These changes led to clefts. Ganglions, calcification, ossifica- 
tion and acute inflammatorj' changes in sepsis were reported and illus- 
trated. Degenerative changes make the meniscus ready for injury. 
The author stated : “Ever)' meniscus which became torn was already 
degenerated. The degenerative changes were not the result of injury 
as hitherto presupposed, but the cause of it.” Reparative changes 
occurred in the portion of cartilage not torn free. In operations, there- 
fore, Tobler never removed the whole cartilage except in cysts of 
the external meniscus) but left the portion attached to the capsule 
intact to regenerate new cartilage. He had observed such cartilages a 
number of times at reoperation. 

[Ed. Note. — The occurrence of these degenerative changes since 
the work of Mandl (not credited by Tobler) are gaining ever-increasing 
recognition among those interested in articular pathology.] 

Histologic Changes in the Bone Responsible for the Action of Paia- 
thyroid Hormone on Calcinni Metabolism in Rats. — In an investigation of 
the histologic changes in the bones of rats fed on parathyroid hormone, 
Pugsley and Seyle showed that during the period when serum calcium 
was increased, i. e., four days, there was marked proliferation of the 
osteoclasts. This was taken to be analogous to osteitis fibrosa. There 
after, as the level of the serum calcium returned to normal, osteoblastic 
proliferation rvas seen, and it was suggested that if the administration 
of the hormone was continued, “marble bone” would result. 

Resected Knee Joints. — Ghormley and Brav *' reviewed the 
history, roentgenographic findings, gross and microscopic patho Ot,ic 
changes and the results of inoculation of guinea-pigs in 236 resection 
and 9 amputations of the knee joint. They found that the 
diagnosis was correct in 24.4 per cent of the cases of tuberculosis. 
diagnosis based on microscopic examination of tissue was ac 
all but 3.2 per cent of the cases. 

45. Tobler, T.; Arch. f. klin. Chir. 177:482, 1933 

46. Pugsley, L. I., and Seyle, H.: J. Physiol. 79:31, 1933. ^ 

47. Ghormley, R. K., and Brav, E. A. : Resected Knee Joint, Arch. Surg. 
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Effect of Rociitpcii Roys oo Rone Groivth and Bone Regeneration . — 
Brooks and ] lillslnnu sUulicd the efl'ecl of llic roentgen rays on the 
growth and regeneration of hone in rabbits. A single 100 per cent skin 
erythema dose was given to one tibia, and tiie animal was killed in from 
one to twenty-six days. Marked inliibition of growth was noticed, 
which was limited to the c.xposed hone. Smaller doses of the roentgen 
rays, 40 per cent or more of a skin erythema dose, retarded growth 
proportionately to the amount given. Veiy small repeated doses, from 
2 to 5 per cent, caused no stimulation or inhibition; 150 per cent of a 
skin erythema dose repeated on the following day caused about the 
same amount of retardation as a 100 per cent skin erythema dose. A 
skin erythema dose of 160 per cent given four times produced less 
retardation of growth than 1 skin erythema dose of 100 per cent. Micro- 
scopic study of the c.xposed hones showed serious damage and at times 
complete absence of proliferating cartilage. Repair of bone defects was 
not inhibited ; growth alone was disturbed. 

Influence of Pcnostcuni on the Survival of Bone Grafts. — Halde- 
nian carried out experiments on young rabbits in which he trans- 
planted bone from the tibia and the fibula to operative defects in the 
radius. He noted the rate of healing of the fracture after the trans- 
plantation of (1) fibula with periosteum, (2) grafts of periosteum 
alone, (3) osteoperiosteal grafts and (4) grafts consisting of cortex 
nnd of periosteum. It was’ found that grafts with periosteum favored 
the early closure of the defect and the survival of the graft. It was 
concluded that the periosteum was the most important part of the graft. 

Grovlth of Epiphyses of the Long Bones in Madder-Fed Pigs. • 
From the measurements of the epiphyses of a dozen madder-fed pigs 
^ver a period of five hundred and seven days, Payton concluded that 
growth in the length of the epiphyses took place on the side near the 
joint, and he found that absorption occurred on the diaphyseal side. 
The investigation supported Stevenson’s statement that there was an 

Sequence of union of the epiphyses, and Humphry’s statement that 
fhe end of the shaft at which the epiphysis is last united is the end at 
"hich growth takes place most quickly.” 

Expe7-imental Bone Ttiberctdosis. — ^According to Mandelstamm, 
fhe localization of tuberculosis in the long bones was not the result pri- 
'■narily of vascular distribution, but the expression of a local immunity 
varie s with tissues. The epiphyses showed a greater tendency 

48. Brooks, B., and Hillstrom, H. T.; Am. J. Surg. 20:599 (June) 1933. 

9- Haldeman, K. O. : J. Bone & Joint Surg. 15:302, 1933. 

50. Payton, G. C.: J. Anat. 67:371, 1933. 

51. J'landelstamm, M.: Beitr. z. Klin. d. Tuberk. 82:98, 1933. 
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to develop tuberculosis tlian the diapliyseal marrow. In the latter, when 
tubercles formed in the myeloid tissue, the tendency to regression was 
marked. Yet when the animal had been previously subjected to a severe 
attack of fever by injections of typhoid germs the diaphyseal tuber- 
culosis which was produced progressed rapidly. The tubercle did not 
develop in fatty marrow. 

Ascplic A^rcroAs of the Head of flic Femur FoUotving Traumatic 
Dtslocaiwii of the Hip /on;/.— Stewart produced aseptic necrosis in 
young and in adult rabbits by (1) dividing the ligamentum teres femoris 
and by (2) dividing the ligamentum teres femoris and cutting, in a 
circular manner, the periosteum of the femoral neck below the head. 
Division of the ligamentum teres femoris and cutting of the periosteum 
were only partially successful in producing aseptic necrosis. The liga- 
ments showed a great tendency to reunite, and no marked change 
occurred when the ligament alone was cut. It was also necessary to 
interrupt the blood supply of the femoral neck to produce real necrosis 
of the head. 

Manner of Removal of Protein from Normal Joints . — Bauer and' 
his co-workers showed that albumin fractions of protein injected into 
the normal joints of dogs were readily removed by way of the lymphatic 
S3^stem, and that exercise and massage of the limb hastened this removal. 
Globulin was remov'ed slowly if at all. The blood stream was an unim- 
portant factor in the removal of protein from a joint. 

[Ed. Note. — These experiments cast new light on the well known 
fact that massage of the muscles about a joint hastens the removal of 
a synovial effusion.] 

(To be concluded) 


52. Stewart, W. J.: J. Bone & Joint Surg. 15:413 (July) 1933. 

53. Bauer, W. ; Bennett, G. A., and Short, J. A.: J. Exper. Med. 57.419, 
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osteomas and liyperostoses produced by 
meningeal flbroblastomas ; clinical pathologic 


Dystonia, treatment of athetosis and dystonia 
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flora of liver and muscle of normal dogs, 
479 

Nachlas, I. \V. : Medial torsion of leg, 909 
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Lyman, B. S. : Treatment of Infected wounds 
of brain with bacterial filtrates, 189 
Lymphangio-endothelloma, primary intracortfcal 
and subperiosteal (Ewing’s tumor), 66 
Lymphogranuloma, changes in bone In Hodg- 
kin's granuloma, 1002 
Lymphosarcoma In bone, 809 
Lyons, It. E., Jr. : Toxemia in acute Intestinal 
obstruction; toxicity of intestinal contents 
with reference to pancreaticoduodenal se- 
cretion, 1102 

MacCallum, P. ; Pancreatic tissue In wall of 
stomach, 125 

McMaster, P. E. : Effects of diverting gastric 
contents to lower Intestinal levels, 825 
Experimental lumbar sympatliectomy ; effects 
on vascular tree, reactive hyperemia and 
temperature of skin of e.xtremities, 12 
Slaggots, digestion of bone by larvae of Phor- 
mia regina ; Its relationsbip to bacteria, 588 
Malcolm, K. D. : Obstructive jaundice due to 
diffuse contracture of extrahepatic bile 
ducts, 713 

Mammary Gland : See Breast 
Mann, F. C. : Histologic studies of autogenous 
and homogenous transplants of kidney, 889 
JIartin, J. D. : Tumors of salivai-y glands, 727 
Maseritz, I, H. : Digestion of bone by larvae 
of Phormia regina ; its relationship to b!ic- 
teria, 589 

Massage, local atrophy of bone ; effect of local 
heat, massage and therapeutic exercise, 943 
Masson, C. B. : Complete removal of 2 tumors 
of third ventricle with recovery, 527 
Matthews, IV. B. : Congenital cartilaginous rests 
in neck, 59 

Meckel’s Diverticulum : See Intestines, diverti- 
cula 

Meninges, cranial osteomas and hyperostoses 
produced by meningeal flbroblastomas; clin- 
ical pathologic study, 357 
Jlesentery, chyle cysts of, 335 


Xervous system, tumors of sympathetic system; 
neuroblastoma, paraganglioma, ganglioneu- 
roma, 10 

Xcuroblastoma, tumors of sympathetic nervous 
system ; neuroblastoma, paraganglioma, gan- 
glioneuroma, 10 

Xodcs, cystic nodules of terminal finger joints, 
420 

Ochsner, A. ; Effect of morplihie on ohslmclcd 
intestine, 406 , 

O'Connor, G. B, : Xew method of reconsfrucllon 
of lip, 317 ' . 

O'Conor, V. J. : Bevlew of urologic surgery isu. 
974 

Orr, T. G, ; Experimental obstruction of jelunum ; 
effect of administration of water on lengtn 
of life and changes in chemical composmou 
of blood, 292 

Onliopedlo surgery, fifty-second report of prog- 
ress in, 417, 608 

Fifty-third report of progress In ortliopeaa. 
surgery, 1170 , , , , , -...o- 

Osteo-arthritis, surgical treatment of osieo 
arthritis of hip, 420 . 

Osteodystrophia fibrosa unilaterahs ; report m 
CA56 S49 

Osteoma,’ cranial osteoma and h.vperostoses pro- 
duced by meningeal fibroblastonia. . . 
Osteomyelitis, acule infectious osteomieuus, 

acute, of spine, early diagnosis of, 418 

acute, of vertebrae, 418 T,i,„rmla re- 

digestion of bone by larvae of Phormia 

ginn, .589 

ilium, 83 . J 

in iscliiopubic synchondritis, 1180 
peculiarities of. In early childhood, 4xa 
scapula, 419 „ 

Osteoporosis : See Bone, 

Osteopsathyrosis: See Bone, „,mscs 

Osteosclerosis, cranial ■ elln- 

produced by meningeal flbroblastomas , 

ical pathologic study, 3o7 
Osteosynthesis ; See Femur, fracture 

Panc'’reas""’lx’perimental transplnnlatloa Into 


stomach, 345 , 

hyperinsullnem^a^^secondaiy^ „,,cratfvc 


adenoma 


of 


containing 


pancreas ; 
cure, 223 

Meckel's divertfculum 
pancreas, 425 

tissue in wall of sio™ocb, 1- peptic 

•ancreatltis, chronic, associated uim 

uleer^ 580 lacufc pan- 

pathogenesis of acute pancreatitis 

creatlc necrosis), -J- ptic nervous 

'‘’™'j^lt?mTn\'uromas%ma, f^nraganglloma. 
glloneiiroma, 10 
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Parathyroid liormonc, Iilstolopic cliantros in bone 
rcsponsibio for action of paratiiyrold hor- 
mone on calcium metabolism In rats, 1102 
hormone, rccnlntlon of blood calcium level 
throuch, 418 

role of glands In diseases associated with 
demineralization of human shclcton, 417 
Parotid gland, tumors of, 492 
Patella, fractures and posttraumatic arthritis, 
treatment of, Cll 
fractures, operation for, 612 
Pellegrinl-Stleda’s Disease: See under Femur* 
Penis, cancer, 219, 991 

Peptic Ulcer; chronic lesions of duodenum fol- 
lowing experimentally produced pyloric 
dysfunction, 407 

chronic pancreatitis associated with ulcer, 
580 

comparative frequency after deprivation of 
bile and pancreatic juice. lO.IT 
Periosteum, effect of viostcrol on periosteum in 
experimental fractures, 616 
Peritonitis, significance of anaerobic organisms 
in peritonitis due to liver autolysIs ; bac- 
terial flora of liver and muscle of normal 
dogs, 479 

Pierce, G, W. : Xew method of reconstruction of 
lip, 317 

Pneumonolysis : See Tuberculosis, pulmonary 
Poliomyelitis, acute poliomyelitis as primarj’ dis- 
ease of central nervous system, 1180 
prevention of, 420 

treatment of acute pollomj*elItls with trans- 
fusions of convalescent blood, 1181 
Portal vein, hemorrhage and sliock as causes of 
death following acute portal obstruction, 
1166 

Poth, E. J. : Clean Intestinal anastomosis; ex- 
perimental study, 1087 
Prostate, cancer, 208 
diverticulum, 985 
lymphatic structures, 984 
resection, 974 

resection, transurethral, 205 
Prostatectomy, 204 

Pseudarthrosls, clinical study of cause of pscu- 
darthrosis of diaph 3 ’sis of long bones, 1191 
Pylorus, peptic ulcer; chronic lesions of duo- 
denum following experimentally produced 
pyloric dysfunction, 467 


Quain, E. P. : Acute appendicitis; second re- 
port of 1,000 consecutive cases, 782 

Radius, fractures of head and neck of, 612 

H. K. : Obstructive jaundice due to 
diffuse contracture of extrahepatlc bile 
ducts, 713 

Reeves, J. r. j Significance of anaerobic or- 
ganisms in peritonitis due to liver autolysis ; 
bacterial flora of liver and muscle of nor- 
mal dogs, 479 

economics of rheumatism, 1182 
neumallc conditions of tendon and muscle 
attachments, 1181 

„ f^B^eration of rib cartilage, GOS 
riitcme, H. p. : congenital clefts of face and 
jaws; surrey of 350 cases in which opera- 
p . was performed, C17 

' rifty-second report of prog- 

1 surgery, 417, GOS 

j-tnird report of progress in orthopedic 
surgery, 1176 

B/Tcct of roentgen rays on bone 
fo'vth and bone regeneration, 1193 
linn™ in arthritis, 420 

thecnlm ^^Btituental lumbar sympa- 

hrn.vL ’1’ ou Tascular tree, reactive 

trmltlS'’^ 2"'“^ Icmpgratuie of sMn of ex- 

^adpnnm^' .^yi’crlnsulincmla secondary to 
ope?aTe eur??"T'= 


Sachs. E. : Spina blfldn and cranium blfldum; 
study of 103 cases, 874 

Sacro-llinc joint, backache from relaxation of, 
1183 

Salivary glands, tumors of, 727 
Scaphoid bone, cnd-resiilts of carpal scaphoid 
fractures, 612 

Scapula, ostcomj’clitls of, 419 
Scholl, A. J. : Review of urologic siirgerj’, 199, 
786, 974 

Scliullingcr, R. X. : Meckel’s diverticulum ; re- 
port of ca?*e of hemorrhage in bowel asso- 
ciated with Meckel's diverticulum that pre- 
sented adenoma composed of gastric and 
duodenal glands, 440 

Sciatica, significance and treatment of sciatic 
pain, 422 

Scoliosis : See Spine, curvature 
Scott. D. E. : Part played by ureteral inflam- 
mation In dilatation of ureter; postmortem 
.study, 296 

Semilunar cartilage, injuries of, 1186 
cartilage, treatment of injuries of, 1187 
Shapiro, P. F. : Return of gastric acidity after 
subtotal gastrectomy and double vagotomy, 
160 

Shaw, R. C. : Surface temperature test in vas- 
cular occlusion and vasomotor spasm; its 
value in relation to sj'mpathectoray, 706 
Slienvln, C. F. : Experimental transplantation 
of pancreas into stomach, 345 
Shock and hemorrhage as causes of death fol- 
lowing acute portal obstruction, 1166 
Shoulder, tuberculosis, resection of joint In, 1188 
Skull: See Cranium 

Spelman, A. E. : Selection of drainage material, 
837 

Spina bifida and cranium blfldum; study of 103 
cases, 874 

Spine, accessory articular process of lumbar 
vertebra, 422 

actinomycosis of spine, 1180 
acute osteomyelitis of, early diagnosis, 418 
acute osteomyelitis of vertebrae, 418 
bony nucleus of anterior inferior Iliac spine, 
1186 

changes in articulations of vertebral processes, 
little considered cause of backache, 1183 
chondroma of intervertebral disk, 421 
curvature, mechanics of scoliosis, 1182 
echinococcosis of vertebra, primary, 1184 
fractures of laminae of vertebrae, recognition 
in roentgenogram, 1190 
fractures of spinous process, 614 
fractures; pathologic fractures of spine asso- 
ciated with disorders of calcium metabolism, 
1095 

fractures ; treatment and evaluation of ver- 
tebral fractures, 615 

lumbar and lumbosacral diarthrodial joints, 
422 

tuberculous spondylitis, multiple, 1179 
Splanchnoptosis, anatomic basis for study of ; 
paths of visceral descent; preliminary re- 
port, 659 

Spondylitis: See under Spine 
Stein, I. : Tumors of parotid gland, 492 
Stelle, C. W. ; Teratoma testis ; 15 cases studied 
microscopically and biologically, 1 
Stirling, R. I. : Fifty-second report of progress 
in orthopedic surgery, 417, 608 
Fifty-third report of progress In orthopedic 
surgery, 1176 

Stomach cancer, intramural extension of, 566 
effects of diverting gastric contents to lower 
intestinal levels, 825 

experimental transplantation of pancreas into 
stomach, 345 

pancreatic tissue in wall of stomach, 125 
return of gastric acidity after subtotal gas- 
trectom.v and double vagotomy, 100 
Ulcer: See Peptic Ulcer 



INDEX TO VOLUME 2S 


Sfoiit. A. r. : Meckul's (llverliculum ; report of 
case of hcmorrlmuo In bowel nssocinted with 
Meckel's dlvertlciilum tlint prcscnlctl n<lc- 
iionm composed of pnstrlc mid diiodemil 
Klniuls, ‘MO 

Sliick, W. 0. : Kxpcrlmcntnl bone trniisplnidn- 
tion wllli reference to cITcct of "dcciilclncn' 
tlon," 7 )2 

.Sturtevmil, M. : Cbolccystltls due to RncllUis 
acroEenes-enpsnlntns; report of case wltb D 
cases from lltcrntnrc, T7l 
.Siiprarennls, clironinlUn coll tumor caiislnE 
paroxysmal hypertension relieved by opera- 
tion, 1130 

Siilro, C. .1. : Examination of tiibidnr orpnns 
and arterial .sy.steras of rabbits by illtcrcd 
ultraviolet radiation, 807 
Synipatliccfomy, liealliiK of bone and cartllapc 
after sympatbeclomy, C15 
lumbar, experimental; effects on vascular 
tree, reactive liypcremla and temperature 
of skin of extremities, 12 
surface temperature test in vascular occlusion 
and vasomotor spasm; Its value In relation 
to synipatbectomy, 70G 

sympatlietic RanRlIons removed surgically, 920 
Symphysis pubis, separation of, 1183 

Temperature, surface test In vascular occlusion 
and vasomotor spasm ; its value In relation 
to sympathectomy, 700 

Tendon, spontaneous rupture of long tendon of 
biceps, 1185 

transplantation, adaptation to new function by 
muscles shifted In course of tendon trans- 
plantation, lisa 

transplantation In lower extremity, 1187 
Teratoma testis, IS cases studied microscopically 
and biologically, 1 

Testis, teratoma testis ; 15 cases studied micro- 
scopically and biologically, 1 
tumor, 218 

Tliorek, M. : Lipoma pseudorayxomatodcs of up- 
per extremity, 1130 

Tliorek, P. : Lipoma pseudomyxomatodes of up- 
per extremity, 1130 

Tibia, extensive loss of tlbial diapbysis; tibio- 
fibular grafting, 424 

Intra-artlcular fractures of proximal end of 
tibia, 1190 

Tomascb, J. 51. ; Hyperinsulineraia secondary to 
adenoma of pancreas ; report of case with 
operative cure, 223 
Torticollis, fcongenital, 1177 
Tripodi, A. 51. ; Experimental transplantation 
of pancreas into stomach, 345 
Trochanter : See Temur 

Tnisler, H. 51. : Significance of anaerobic or- 
ganisms in peritonitis due to liver autolysis: 
bacterial flora of liver and muscle of normal 
dogs, 479 

Toxemia in acute intestinal obstruction ; toxic- 
ity of intestinal contents with reference to 
pancreaticoduodenal secretion, 1102 
Tuberculosis : See also under names of organs 
and regions 

heliotherapy in surgical tuberculosis, technic 
and dosage of, 1179 
in infancy and in childhood, 1178 
Influence of congestion on tuberculosis, 084 
puimonary, supraperiosteal and subcostal 
pneumonolysis with filling of pectoral mus- 
cles, 538 

Tumor: See also under names of organs and 
regions 

chromaffin cell tumor causing paroxysmal 
hypertension relieved by operation, 1136 


Tumor— Continued 

Ewing’s (primary Intracortica! and subperi- 
oslcal lymphanglo-endothelioma), CG 

Ultraviolet radiation, examination of tubular or- 
gans and arterial systems of rabbits by 
filtered ultraviolet radiation, 867 
Urea, nbsorptlon from bladder, 180 
Ureter, calculi, 804 
granuloma, 203 

. inflammation, part played by, in dilatation of 
ureter; postmortem study, 296 
nerve supply, 204 
obstruction, 202 
spasm. 805 
transplantation, 199 
tumors, 802 
Urethra, rupture, 990 
tumor, 990 

Urinary Tract, antisepsis, 221 
antiseptics, 993 
infection, 220, 994 
Urine, Blood in ; See Hematuria 
distention of urinary bladder; beraaturia and 
sudden emptying; experimental and clinical 
study, 948 

incontinence ; diurnal incontinence in women, 
548 

Urograpiiy, 219, 986 

Urologlc surgery, review of, 199, 786, 974 


Vagotomy: See Nerve, vagus 
Vas deferens; vasltls, 993 . 

Vasomotor system, surface temperature ‘Wt 
vascular occlusion and vasomotor spasm, 
its value in relation to sympathectomy, dio 
Verbrugge, J. ; Review of urologic surgery, W, 
786, 974 , , 

Vcrbrugglien. A. : Intramural extension of ga 
trie carcinoma, 566 

5'ertebra : See Spine , . . 

Victor, A. C. : Anatomic basis for 

splanciinoptosis ; paths of visceral descent, 
preliminary report, 659 
Viosterol, effect on periosteum in e.\-penmentai 
fractures, 616 

Ward, G. E. : Diathermy and regeneration of. 

Warmer' G. : Experimental ooolusion of 
puimonary artery; anatomic study, , . 

Experimental occlusion of puimonarj arte y, 
pathologic physioloCT, 150 .Xuniini; 

Water, experimental obstruction of 

effect of administration of ^ or on Jengtn 
of life and changes in chemical comi 

BMf.ermy and regener.a,ion 

WilsoL'K'b^'yifty-^ooond report of progress 
in orthopedic surgery, 417, eus 
Fifty-third report of progress In oiwov^ 

surgery, 1176 i„rnnt!nci>ee In 

Witherspoon. J. T.: Dhirna! Incontmcme 

women, 548 _ , , „f brain 

Wounds, treatment of infected «ou 
with bacterial filtrates, 189 
Wrist, avulsions of capa] hones, II«» 
bipartite carpal nnrle'.ilar bo c, «« of 

morphologic clianges in loint aiier 
carpal semilunar bone, aus 
Wry-Neck: See Torticollis .f -,,(ogcno«i 

Wi? F P T.: Histologic studies of amow 

'"'nnd hnmoeenous transplants of U0ne}s, 




